
........... 
'2L. 

,,$ 

I ' r e  ." ; 

, * f I '  . 
M A N N E D  S P A C E C R A F T  C E N T E R  

HOUSTON. T E X A S  
OCTOBER 1968 *. - . .o 

........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... 
I ,I , ! * ' i  

, .  



MSC-m-m-68-2 

THE RESEARCH AND DEVELOPMENT ENGINEER A S  A MAI'JAGER: AN ANALYSIS 

OF THE MANAGEMENT DEVELOPMENT NEEDS OF ENGINEERS AT THE 

NASA MANNED SPACECRAFT CENTER 

BY 
John Michael C r o c k e t t  

O k l a l i o m a  State  University 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SPACECRAFT CENTER 

HOUSTON, TEXAS 
OCTOBER 1968 



iii 

FOREWORD 

This study was undertaken as p a r t  of t h e  Resident 
Research Fellowship Program co-sponsored by t h e  Manned 
Spacecraft Center and the College of Business, Oklahoma 
S t a t e  University. The f in i shed  r epor t  has been sub- 
mitted t o  Oklahoma State University as a t h e s i s  which 
w i l l  p a r t i a l l y  f u l f i l l  the requirements f o r  the  degree 
of Master of Business Administration. The Resident 
Research Fellowship Program i s  designed t o  provide 
un ive r s i ty  graduate students with t h e  opportunity of 
broadening t h e i r  experience and conducting research 
i n  an a c t u a l  R&D organization. 
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CHAPTER I 

INTRODUCTION 

I n  a study which has as i ts  purpose determining engineers f i -  
ca t ions  as managers and ident i fying t h e i r  spec i f i c  needs f o r  improvement 
i n  management s k i l l s ,  a log ica l  f i rs t  s tep  would be t o  def ine management 
and determine what knowledge and a b i l i t i e s  a r e  r equ i s i t e  t o  e f f e c t i v e  
management. A review of some of t he  l i t e r a t u r e  on the  a c t i v i t i e s  and 
c h a r a c t e r i s t i c s  of managers produces, however, a wide range of statements 
concerning what managers do and what qua l i f i ca t ions  or  a b i l i t i e s  a r e  nec- 
essary  t o  succeed or  be e f fec t ive  as a manager. 
which can be made a re  of l i t t l e  use i n  answering questions about a s p e c i f i c  
organizat ion or  group of managers. The d i v e r s i t y  found i n  t h e  l i t e r a t u r e  
may indeed be an indicat ion tha t  general izat ions i n  these a reas  cannot be 
use fu l  beyond the pa r t i cu la r  organization or  managers studied. 

Those few genera l iza t ions  

While t h i s  study wishes t o  recognize t h e  need fo r  more research on 
t h e  a c t i v i t i e s  and qua l i f ica t ions  of e f f ec t ive  managers, it i n  e f f e c t  
jumps over these unanswered questions and attempts t o  compensate by seek- 
ing  answers only f o r  the  pa r t i cu la r  organization t h a t  i s  studied. This 
i s  done i n  an e f f o r t  t o  provide one organization with some use fu l  answers 
t o  a question of increasing importance t o  many organizations:  
prepare a technica l ly  t ra ined  man f o r  a management pos i t ion .  

how t o  bes t  

Both experience and in tu i t i on  ind ica t e  t ha t  t he  ind iv iaua i  witn an 
engineering education and background may have some def ic ienc ies  i n  terms 
of the  s k i l l s  and knowledge needed t o  be an e f f ec t ive  manager. The t ran-  
s i t i o n  from engineering t o  management involves a change from problems 
t h a t  can usua l ly  be solved by quan t i t a t ive  methods t o  problems t h a t  almost 
invar iab ly  contain some qual i ta t ive  f ac to r s ,  and a change from pr imar i ly  
individual  respons ib i l i ty  t o  r e spons ib i l i t y  f o r  others '  e f f o r t s  and a 
grea te r  need f o r  in te rac t ion  with o thers .  
ident i fy ing  and measuring the  def ic ienc ies  produced by these t r a n s i t i o n s ,  
and the  r e su l t i ng  needs f o r  development. 

Very l i t t l e  has been done i n  

To the  National Aeronautics and Space Administration's Manned Space- 
c r a f t  Center, these questions a r e  of pa r t i cu la r  s ignif icance for it i s  
inevi tab le  t h a t  a la rge  portion of t he  management jobs i n  t h i s  organiza- 
t i o n  w i l l  be f i l l e d  by individuals with engineering education and tech- 
n i c a l  experience. A t  the  time of t h i s  study, the Manned Spacecraft Center 
employed approximately 2300 persons i n  engineering jobs, and of these,  
about 65 percent had bachelor 's  degrees i n  engineering f i e l d s  .1 These 

'Total f igure i s  f o r  persons with 700 s e r i e s  NASA job codes, from 
personnel f i l e ,  Feb. 1968; percentage with engineering degrees estimated 
from sample. 
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figures, representing a l a rge  f r ac t ion  of the  Center ' s  t o t a l  employment, 
and t h e  technica l  nature  of many management jobs a t  MSC ind ica t e  t h a t  a 
l a r g e  number of management pos i t ions  w i l l  continue t o  be occupied by 
engineers.  

Other f ac to r s  a l s o  emphasize the  need f o r  developing management ab i l -  
i t y  i n  these technica l  personnel. The f a c t  t h a t  t h e  Manned Spacecraft 
Center i s  a r e l a t i v e l y  young organizat ion j u s t  beginning t o  experience 
the  e f f e c t s  of i t s  growth and aging, and the  nature  of t he  mission of MSC 
as both complex and changing poin t  up t h e  necess i ty  of developing good 
managers for  t h e  coming years .  

The present program f o r  management development a t  MSC cons is t s  of a 
group of one- t o  two-week courses i n  communications s k i l l s  and general  
management t h a t  are taught by e i t h e r  t he  C iv i l  Service Commission o r  con- 
t r a c t o r s  .2 
of t h e  courses i n  communications s k i l l s ,  a r e  usua l ly  l imi t ed  t o  supervi- 
sors. Some e f f o r t s  have been made a t  planning f o r  t he  development of 
groups of individuals within some organizat ional  u n i t s ,  but  i n  general  
t he re  i s  no comprehensive plan for developing management a b i l i t y  i n  en- 
gineers .  I n  many cases,  pa r t i c ipa t ion  i n  courses i s  determined more by 
the  ind iv idua l ' s  expected work load  than h i s  need f o r  t r a in ing .  

These courses a r e  offered pe r iod ica l ly  and, with t h e  exception 

The requirements f o r  developing technica l  personnel i n t o  managers 
and the  present status of management t r a i n i n g  a t  t he  Manned Spacecraft 
Center have indicated a need f o r  an objec t ive  basis f o r  determining the  
content of management education t o  be offered and the  s t ruc tu re  of pro- 
grams t o  be used f o r  developing fu tu re  managers. It i s  hoped t h a t  t h i s  
study will provide such a basis. 

Purpose 

The primary purpose of t h i s  research pro jec t  was t o  determine what 
the average engineer a t  the  Manned Spacecraft  Center lacks i n  a b i l i t i e s  
and knowledge required t o  be an e f f e c t i v e  manager. 
w a s  t o  determine s p e c i f i c a l l y  what management t r a i n i n g  and development 
should be used t o  r d u c e  these def ic ienc ies  and t o  whom it should be 
applied.  

A secondary object ive 

Working toward these object ives  required t h a t  several  other  questions 
be answered. F i r s t ,  what knowledge and a b i l i t i e s  a r e  required t o  be a 
manager at the Manned Spacecraft Center, and which of these  a re  most in- 
portant?  Second, what i s  the  def ic iency of t he  average engineer i n  each 

2For a complete l i s t  of courses now of fered ,  see Appendix A .  



of these areas:' T l l l r , i ,  w h a t  a r e  engineers '  ILT ! I ( i I ie  I towards a manage- 
ment career?  Fourth, when (10 they develop 1,hrst- a I , l , i t , u ~ l ~ s  and hny? 

Two aspec ts  Qf t!iese objectives requirca ;n iw  l y r i  t ' ication. F i r s t ,  
as noted above, t he  ro!e and a c t i v i t i e s  of rr:Anagement may vary widely be- 
tween organizat ions.  Thus, t he  r e s u l t s  and r"comrnr3i Iaticns of t h i s  study 
w i l l  have a p p l i c a b i l i t y  t o  engineers i n  otlic-:* organiLations t o  the  ex ten t  
t h a t  the  r o l e  and ar+,ivities of management m i  the  type of engineer 
brought i n t o  t h e  organiclation are similar t o  trlosfd of t he  organization 
being s tudied here .  Second, by answering the  above questions f o r  the  
average engirieer, it. i s  not  intended t h a t  management development should 
include a l l  engineers.  Development must br an inriividual process, and 
once broad programs a r e  es tabl ished,  engineers '  ~:c-?ds within t h i s  frame- 
work should be determined individually.  The purpose of t h i s  study i s  t o  
provide a b a s i s  f o r  t h e  content and pr ior i t ie . :  CI' :L t o t a l  program dhich 
w i l l  meet t h e  needs of' most individuals.  

Scope 

The scope and llmi t a t i o n s  of t h i s  research rjroject can be defined 
anci explained by the  following statements: 

1. The group studied consis ts  pr imari ly  of [ ,rrsons with both engi- 
neering education and rngineering work experrenee. 

3 .  Although i t ;  primary resear[-h emphasis i s  311 the content of 3 
formal management education program, tile s tudy i s  ifitenciea t o  encompass 
the  t o t a l  scope of niethods used t o  improve the a b i l i t y  o f  managers o r  
po ten t ia l  managers. The word "-ievelopment" i s  usr'rt i n  the t i t1.p of t h e  
repor t  t o  ind ica te  the  inclusivn of both t n e  f n r v ~ i i l  arid informal methods 
t h a t  may be used. I n  the l i t e r a t u r e ,  the words "education", " t ra in ing" ,  
and "development", a r e  of ten  used w i t h  s l i g h t l y  d i f f e ren t  meanings, but 
a r e  a l s o  used interc!langeably i n  many cases.  In  this repor t ,  whether the  
words " t ra ining" , "erlucation" , or  "development", or  conhinations a re  used, 
t he  in t en t  i s  t o  incLudt 311 aspects of improving managers' performance. 

4. The study encompasses both 4iiI:ational needs and a t t i t u d e s .  I f  
the  premise i s  adopted t h a t  mot,ivation rnust preceed e f f ec t ive  learning,  
then the objec t ives  of t he  study require  than an e f f o r t  be made t o  deter-  
mine how many engineers a r e  motivated t o  en ter  management ra reers .  

5 .  The management a b i l i t i e s  of engineers are studied i n  absolute  
terms, i . e . ,  the  engineer i s  compared t o  the theo re t i ca l  "good manager". 
No attempt i s  made t o  compare the management, def ic ienc ies  of engineers 
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t o  those of prospective managers of other  educat ional  backgrounds, a l -  
though the  r e s u l t s  of t h e  study may have some implicat ions f o r  such a 
comparative study. 

6 .  The study focuses pr imar i ly  on management a b i l i t i e s  t o  which 
education and t r a i n i n g  can be r e l a t ed .  It i s  not  a study of personal i ty  
t ra i ts ,  nor i s  it intended t o  provide a b a s i s  f o r  s e l ec t ing  o r  ident i fy-  
ing po ten t i a l  managers. Instead,  t h e  emphasis i s  on what should be done 
t o  improve the a b i l i t y  of t h e  ind iv idua l  who has been se lec ted .  

7. The study has t h e  l imi t a t ions  inherent  i n  any p ro jec t  which deals 
with t h e  measurement of human behavior. It should thus be r ea l i zed  t h a t  
a project  which attempts t o  i d e n t i f y  and measure va r i ab le s  i n  the a rea  of 
management has at i t s  ou t se t  severe l imi t a t ions  i n  ob jec t iv i ty .  I n  addi- 
t ion ,  the  l imi t a t ion  of time ( four  months) was a s ign i f i can t  consideration 
i n  determining the  amount and type of research t h a t  could be done. 

8. The primary method of research f o r  t h e  p ro jec t  was a questionnaire 
c i r cu la t ed  t o  330 engineers employed by NASA a t  t h e  Manned Spacecraft Cen- 
t e r .  Other methods used included a l i t e r a t u r e  search, interviews, obser- 
vat ion of some present  management t r a i n i n g  courses,  and presenta t ion  of 
preliminary r e s u l t s  and discussion of these r e s u l t s  with management. 

Plan of Development 

Including t h i s  introductory chapter,  t he  r epor t  i s  presented i n  s i x  
chapters.  Chapter I1 w i l l  summarize the  l i t e r a t u r e  t h a t  w a s  reviewed. as 
appl icable  t o  the purpose of t h i s  pro jec t ,  with emphasis on previous stud- 
i e s  of t h e  educational needs of engineers.  Chapter I11 on methodology 
covers se lec t ion  of t he  survey questionnaire as the  primary method of re-  
search f o r  the p ro jec t ,  the  design and r a t i o n a l e  of t h e  quest ionnaire ,  and 
the  sampling procedure used. 

Because it i s  f e l t  t h a t  t he re  i s  a s i g n i f i c a n t  need f o r  more research 
i n  t h i s  a r e a  and thus  t h a t  t he  most s ign i f i can t  cont r ibu t ion  of t h i s  pro- 
j e c t  may be i t s  poss ib le  value t o  fu tu re  s tud ie s  i n  the  a rea ,  considerable 
space i s  devoted t o  discussion of the methodology used i n  the  study. 

I n  Chapter I V Y  t he  major r e s u l t s  o f  t he  quest ionnaire  survey w i l l  be 
presented, and poss ib le  reasons f o r  and implicat ions of these r e s u l t s  w i l l  
be given. Final ly ,  i n  Chapters V and V I ,  conclusions w i l l  be drawn from 
the  research t h a t  has  been done and recommendations w i l l  be made where 
appl icable .  The chapter on conclusions i s  intended t o  be somewhat more 
appl icable  t o  engineers i n  general  than the  recommendations chapter,  which 
i s  presented primarily i n  terms of management t r a i n i n g  a t  t h e  Manned Space- 
c r a f t  Center. 
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CHAPTER I1 

LITERATITRE: SURVEY 

Qual i f icat ions f o r  Ef fec t ive  Management 

A s  pointed out e a r l i e r ,  the b a s i s  of t h i s  research p ro jec t  should 
log ica l ly  be an understanding of what managers do and what knowledge and 
s k i l l s  a r e  needed t o  perform as managers. The l i t e r a t u r e  contains an al- 
most unlimited number of d i f f e ren t  l i s t s  and c l a s s i f i c a t i o n  systems for 
what supervisors,  managers, o r  executives must be, must do, o r  must know. 
A f e w  examples should i l l u s t r a t e  t he  d i v e r s i t y  which i s  found. 

One author l i s t s  a t o t a l  of more than 30 des i rab le  cha rac t e r i s t i c s  
under the  following categories:  personal t ra i ts ,  mental capac i t ies ,  s o c i a l  
s k i l l ,  physical  a t t r i b u t e s ,  and a t t i t u d e s  .l 
ship,  courage, judgment, imagination, i n t e g r i t y ,  general  and special ized 
knowledge, depth of i n t e r e s t ,  and a des i r e  t o  ge t  t he  job done.* 
l i s t  which focuses more on s k i l l s  than personal i ty  t ra i t s  l i s t s  these 
s k i l l s :  reading, general  communication, human re l a t ions ,  interviewing, 
counseling, working with groups, and delegation.3 I n  addi t ion t o  these  
and many other  l i s t s  of cha rac t e r i s t i c s  or  qua l i f i ca t ions  f o r  good mana- 
gers ,  there  a re  the  textbook def in i t ions  of management as planning, or- 
ganizing, d i rec t ing ,  and controll ing,  o r  as accomplishing things through 
other people. 

Another l i s t  includes leader- 

A t h i r d  

Although there  i s  cer ta in ly  a need f o r  more research and more objec- 
t i v e  answers t o  questions i n  these a reas ,  the  seeming confusion about 
qua l i f ica t ions  of managers i s  not t o t a l l y  t h e  r e s u l t  of a lack  of know- 
ledge. 
e s s a r i l y  vary with t h e i r  purpose, and r e s u l t s  of s tud ies  w i l l  vary depend- 
ing on t h e  spec i f i c  types of organization o r  managers s tudied.  The value 
of the descr ipt ion of management used i n  t h i s  study should then be de te r -  
mined by i t s  a p p l i c a b i l i t y  t o  the people and organization being s tudied 
and i ts  appropriateness f o r  the purpose of determining management t r a i n i n g  

Methods of c lass i fy ing  and defining the  job of manager w i l l  nec- 

'Eugene J .  Benge, How t o  Become a Successful Executive (New York: 
Frederick Fe l l ,  Inc. ,  1960), p. 16.  

W i l l i a m  B. Given, Jr., "The Engineer Goes I n t o  Management," Harvard 
Business Review, XXXIII (January-February, 1955) , pp. 48-49. 

'Roger Bellows, Thomas Q. Gilson, and George S.  Odiorne, Executive 
Sk i l l s :  
Prentice-Hall ,  Inc.  

Their Dynamics and Development (Englewood Cliffs ,  N. J.: 



requirements. The l i s t  of a reas  of managerial a b i l i t y  and knowledge used 
i n  t h e  project  w a s  designed with the  var ious l i s t s  offered by the  l i t e r a -  
t u r e  as a background, and with a p p l i c a b i l i t y  t o  spec i f i c  education and 
t r a in ing  areas  and t o  the  MSC organizat ion as i t s  goals .  

Engineers as Managers 

Although there  i s  a grea t  dea l  of mater ia l  ava i lab le  on such top ic s  
as the  management of engineers and s c i e n t i s t s ,  t he  rea l t ionships  of engi- 
neers  t o  management, the  behavior of profess iona ls  i n  organizations,  and 
the  career  development of engineers and s c i e n t i s t s ,  much of which indi-  
r e c t l y  r e l a t e s  t o  t h i s  study, r e l a t i v e l y  l i t t l e  has been wr i t ten  on t h e  
spec i f i c  top ic  of developing engineers i n t o  managers. 

The few a r t i c l e s  t h a t  have been wr i t t en  on t h i s  subject  c i t e  l i t t l e  
evidence other than casual observation and experience. However, a few 
observations appear repeatedly and may thus be worth considering. The 
most common statement found i s  t h a t  the  engineers '  background of scien- 
t i f i c  method and emphasis on exactness and a de t a i l ed ,  quant i ta t ive  de- 
c i s ion  making process may hinder him i n  deal ing with the  subject ive 
aspects  of many decis ions and i n  working with p e o p k 4  It i s  general ly  
agreed t h a t ,  t o  become a good manager, t h e  average ecgineer must be re -  
or ien ted  from working with th ings  t o  working w i t h  people and must l e a r n  
t o  make managerial decis ions.  It has a l s o  been pointed out,  however, 
t h a t  engineers a r e  i n  some aspects  wel l -qual i f ied as managers. Their 
t r a i n i n g  i n  handling problems objec t ive ly  can be an a s s e t  i f  they r e a l i z e  
t h a t  t he re  i s  of ten a compromise between exactness and time. And as 
professionals ,  they have t h e  sense of i n t e g r i t y  t h a t  i s  of ten  considered 
e s s e n t i a l  t o  being a good manager.? 

A s  f o r  the engineer 's  motivation t o  become a manager, it has been 
s t a t e d  t h a t  the col lege student today i s  i n  many cases a t t r a c t e d  t o  an 
engineering career because of t he  promise of p re s t ige ,  money, and pro- 
f e s s iona l  achievement .6 
wards offered by management careers ,  so  t he re  i s  reason t o  bel ieve t h a t  
many engineers may be motivated toward management careers .  

These motives a re  not incompatible with the  re- 

These general izat ions which can be made about the  r e l a t i v e l y  s m a l l  
I amount of work done i n  evaluating the engineer 's  qua l i f i ca t ions  as a 

Given, "The Engineer Goes I n t o  Management", pp. 44-45. 4 

5George S . Odiorne , "Making Managers out  of Engineers , Personnel, 
XXXIII (November , 1956), pp. 259-266. 

Perry A. Constas, "Engineering Education and t h e  Engineer's Self- 6 
Image," Personnel Journal,  XLV (March, 1966), p. 154. 
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manager have been helpf'ul as background mater ia l  f o r  t h i s  study, but un- 
fo r tuna te ly  have been of l i t t l e  value i n  answering t h e  more spec i f i c  
questions posed by the  study. 

Management Training and Development 

A grea t  many books and a r t i c l e s  have been wr i t ten  on t h e  subject  of 
developing managerial a b i l i t y ,  and a g rea t  many programs and methods, 
both formal and informal, have been and a re  used by organizations t o  im- 
prove t h e  qua l i t y  of management. A t  t h i s  point  i n  the r e l a t i v e l y  short  
h i s t o r y  of formalized management development, it has  not been shown t h a t  
there  i s  any one b e s t  method of improving management a b i l i t y .  For many 
types of t r a in ing  and development, i f  f a c t ,  t he re  has been no pos i t i ve  
proof t h a t  improvement r e su l t s .  These f a c t s  a r e  a t  l e a s t  p a r t i a l l y  t h e  
resul t  of d i f f i c u l t i e s  of measurement, but they demonstrate t h a t  methods 
to  be used are l a rge ly  dependent on ind iv idua l  s i t ua t ions ,  and t h a t  i n  
many cases t h e  benef i t s  t o  be rea l ized  from t h e  resources a l loca ted  t o  
t r a in ing  may not be subject t o  measurement. 

The various methods of development can be c l a s s i f i e d  as those used 
on the job while t h e  individual i s  engaged i n  productive work, and those 
used while he i s  away from the  job. 
job development i s  the  conscious development of an individual  by h i s  
superior  by coaching, varying assignments, and encouraging the subordi- 
na t e ' s  self-development. Other on-the-job methods include job ro ta t ion ,  
spec ia l  projects ,  and committee assignments. 

The most common method of on-the- 

Methods of development used away from the job include f i l l - t i m e  or 
part-time un ive r s i ty  work, short  courses, r o l e  playing, s e n s i t i v i t y  t r a in -  
ing, l ec tu re s ,  spec ia l  meetings, and numerous other techniques. Univer- 
s i t y  work and short  courses taught e i t h e r  by t h e  organization or an out- 
s ide  concern a re  probably the  most common. 

One author notes t h a t  there i s  a t rend  away from the  use of formal 
management development programs and toward more emphasis on giving l i n e  
managers t h e  r e spons ib i l i t y  for developing t h e i r  subordinates, as com- 
panies discover tlist some aspects of management may be taught b e t t e r  by 
t h i s  method than by formal education programs.7 
the  bes t  program f o r  improving management a b i l i t y  would not exclude 
e i t h e r  type of development. There should be both an emphasis on the  de- 
velopment which can be produced on t h e  job through the  supervisor 's  gui- 
dance and an a v a i l a b i l i t y  of educational opportunities.  I n  an organiza- 
t i o n  l i k e  t h e  Manned Spacecraft Center i n  which schedules and deadlines 

It would appear t h a t  

'Robert K .  Stolz ,  "Executive Development - New Perspective," Harvard 
Business Review, XLIV (May-June, 1966), p. 133. 
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of t en  preclude tak ing  time away from t h e  job f o r  t r a in ing ,  an emphasis 
on conscious e f f o r t s  by managers a t  developing subordinates while on the  
job seems imperative i f  t h e  qua l i t y  and ef fec t iveness  of fu tu re  managers 
i s  t o  be increased. 

I n  designing a program of formal education t o  be used, t he  r e s u l t s  
A grea t  amount of research on learn ing  can provide valuable guidel ines .  

has been learned i n  t h i s  a rea ,  and much of it has implicat ions f o r  t he  
design of a short  course program such as t h a t  of fe red  at the Manned 
Spacecraft  Center. The authors of one book on executive development 
l i s t  severa l  p r inc ip l e s  f o r  development t h a t  a r e  based on what i s  known 
about learning.  Three of these pr inc ip les  seem espec ia l ly  appl icable  
t o  the  s t ruc tu re  of t he  present  MSC program and w i l l  thus be c i t e d  here 
with some addi t iona l  comments: 

1. Learning takes  place more rap id ly  when one expects t o  use the 
r e s u l t s  of the lemming. 

2. The plan for  leasning should take i n t o  account present  knowledge 
and s k i l l .  

3 .  For learn ing  t h a t  requires  r a c t i c e ,  some d i s t r ibu t ion  of prac- 
t i c e  i s  b e t t e r  than massed prac t ice .  ti 

The f i r s t  of these pr inc ip les  emphasized t h e  importance of motiva- 
t i o n  t o  learning.  It implies t h a t  no attempt should be made t o  develop 
i n t o  managers those engineers who are  not motivated t o  become managers. 
It a l s o  implies t h a t  t r a i n i n g  w i l l  be more successful  i f  t he  people in- 
volved a re  shown why they need t o  l ea rn  and how they w i l l  be able  t o  
use what they learn .  The second pr inc ip le  ind ica t e s  tha t  courses should 
be made more applicable t o  the  organization f o r  which they a re  taught and 
t h a t  t h e i r  design must consider the  educational background and the  present  
knowledge of the  average engineer. The t h i r d  statement might seem t o  have 
l i t t l e  app l i cab i l i t y  t o  management t r a in ing  courses where l i t t l e  ac tua l  
"pract ice"  i s  involved. 
based may a l s o  be appl icable  t o  s i t ua t ions  i n  which a l a rge  amount of 
mater ia l  i s  presented i n  a r e l a t i v e l y  shor t  time. 
s t ruc t ion  i n  rnanagemeiit theory and s k i l l s  might be more e f f ec t ive  i f  dis-  
t r i bu ted  over severa l  weeks than i f  massed i n t o  f i v e  consecutive 8-hour 
days. O f  course, economic considerations would be important i n  determin- 
ing  whether t h i s  method would be p rac t i ca l .  

However, t he  research on which t h i s  p r inc ip l e  i s  

Thus, 40 hours of in- 

U Rober Bellows, Thomas &. Gilson, and George S. Odiorne, Executive 
Sk i l l s :  
Prentice-Hall, Inc . , 1962) , pp. 31-38. 

Their Dynamics and Development (Englewood C l i f f s ,  N.  J.: 
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Educational Needs of Engineers 

Previous s tud ies  have dealt with the  broad educational needs of en- 
gineers  r a t h e r  than spec i f i c  management t r a i n i n g  needs and have had t h e  
purpose of making recommendations f o r  fu tu re  engineering cur r icu la  or 
determining broad needs f o r  continuing education. These s tudies  a re  of 
l i t t l e  value when determining specif ic  needs for  management education, 
but are he lp fu l  i n  providing some perspective.  Applicable t o  the  pur- 
pose of t h i s  study a r e  three  recent s tud ies  conducted by Dubin and Marlow 
of Pennsylvania S ta t e  University,g by t h e  J o i n t  ECAC-RWI (Engineering 
College Administration Council and Relations with Industry)  Divisions of 
t h e  American Society fo r  Engineering Education,lO and by t h e  Goals Study 
Committee of t h e  American Society f o r  Engineering Education .I1 
s tudies  included questionnaire responses from approximately 2000, 3000, 
and 4000 engineers , respectively.  

These 

The first two of these studies focus on engineers '  self-perceived 
needs f o r  continued education, asking whether the  respondent "should have 
or could use" o r  " f ee l s  a need for" fu r the r  t r a i n i n g  i n  pa r t i cu la r  sub- 
j e c t s ,  while t he  Goals Study Committee's study asked f o r  t he  engineer 's  
opinion as t o  whether various subjects should be included i n  fu ture  en- 
gineer ing cur r icu la ,  whether t h e  individual  had received any formal t r a i n -  
ing i n  t h e  subject ,  and how often the  subject  was used i n  h i s  work. 

The Goals Study repor t  i s  d i f f i c u l t  t o  compare t o  the other two stud- 
ies because of these differences i n  methodology and differences i n  the  
l i s t s  of courses used. The Goals Study questionnaire used a l i s t  of 44 
subjec ts ,  12 of which could be considered non-engineering subjects .  
of these subjec ts  a r e  of par t icu lar  i n t e r e s t  t o  t h i s  pro jec t .  
management" w a s  recommended for  fu ture  use i n  engineering cur r icu la  by 
78 percent of t h e  respondents, ranking it 30th among the  44 subjects .  
However, the  51 percent who had not received formal t r a in ing  i n  i n d u s t r i a l  
management, but recommended it  fo r  fu ture  use,  w a s  the  l a rges t  f igure  fo r  

Four 
" Indus t r i a l  

'Samuel S. Dubin and LeRoy Marlow, "Research Report of Continuing 
Education f o r  Engineers i n  Pennsylvania," Continuing Education, The 
Pennsylvania S ta te  University,  1965, c i t ed  by Fred Landis, Engineering 
Obsolescence and Continuing Education, Report t o  t he  Office of Univer- 
s i t y  Affa i r s ,  National Aeronautics and Space Administration, July,  1967 
(New York: New York University, 1967), p. 3 3 .  

"American Society f o r  Engineering Education, "Education i n  Industry,  

'billiam K .  Lebold, Robert Perucci, and Warren Howland, "The Engineer 

Journa l  of Engineering Education, LV (May, 1965), pp. 254-256. 

i n  Industry and Government, I '  Journal of Engineering Education, LVT 
(March, 1966), pp. 237-274. 
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any of the  subjects.  
96 percent.  
mending, and economics ranked 20th wi th  89 percent .  

A course i n  speech was ranked 6th,  recommended by 
English composition was ranked 3rd, w i t h  99 percent recom- 

I n  the  ECAC-RWI study a l i s t  of 123 subjec ts  w a s  used. The subjec ts  
were gathered i n t o  10 academic areas ,  s i x  of which were engineering and 
science areas .  I n  t h i s  study, "management pract ices ' '  w a s  t h  most popular 
subject f o r  f b t h e r  study, being se lec ted  by 65 percent of the  respond- 
en ts .  
of the  10 subjects perceived as most needed. Included among these  were 
" technica l  writing" (64 percent) ,  "public speaking" (60 percent)  , "work- 
ing  w i t h  individuals" (57 percent) ,  "working wi th  groups" (55 percent)  , 
"business pract ices"  ( 5 1  percent ) .  

Courses i n  t he  areas of communications. and management made up 8 

I "speed reading" (54 percent ) ,  " ta lking with people" (53 percent) ,  and 

I n  the  Pennsylvania S ta te  University study, human re l a t ions  and com- 
munications s k i l l s  were perceived as the  most important a reas  f o r  fu r the r  
education. Seventy-six percent of t h e  engineers desired courses i n  com- 
munications s k i l l s .  
were next. 
needs fo r  fur ther  technica l  t r a in ing  as secondary t o  these  areas .  

Economics (63 percent) and management (56 percent)  
I n  th i s  and t h e  ECAC-RWI study, engineers perceived t h e i r  

I These three s tud ies  a re  consis tent  i n  ind ica t ing  both that  engineers 
a r e  qui te  in te res ted  i n  management a c t i v i t i e s  and that  they f e e l  a need 
f o r  education and t r a in ing  i n  communications and other  management s k i l l s .  
A l l  th ree  s tudies  ind ica te  a d e f i n i t e  need f o r  more t r a i n i n g  i n  communi- 

RWI s tudies ,  engineers emphasize t h e i r  preference f o r  management t r a in ing  
over technical  t r a in ing .  

study asked f o r  recommendations fo r  engineering cur r icu la  r a the r  than 
self-perceived needs f o r  fur ther  education. 

I cat ions s k i l l s ,  e spec ia l ly  speech. I n  the  Pennsylvania S ta t e  and ECAC- 

I higher i n  the  Goals Study repor t  could be a t t r i b u t e d  t o  the  f a c t  t h a t  t h i s  
The f a c t  t ha t  technica l  t r a i n i n g  i s  ranked 
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CHAPTER I11 

METHODOLOGY - .  

The use of a mailed questionnaire t o  a sample of MSC engineers w a s  
decided upon as the  primary method of gathering the  data needed f o r  t h e  
study within the time available f o r  research. A copy of t h i s  question- 
na i re  may be found i n  Appendix A. 
t ionnai re  has some l imi ta t ions  i n  ob jec t iv i ty ,  t h e  a l t e r n a t i v e  measure- 
ments t h a t  were considered w i l l  be discussed b r i e f l y .  

Since it i s  f e l t  t h a t  any mailed ques- 

Selection of Research Method 

Before the  survey questionnaire w a s  se lected,  several  other  sources 
of da ta  were considered: performance evaluations,  promotions, records 
of courses taken, t e s t ing ,  and personal  interviews. The a l t e r n a t i v e  of 
sampling f i l e s  of evaluations of engineers '  performance f o r  ind ica t ions  
of s t rengths  and weaknesses i n  management a b i l i t y  w a s  el iminated f o r  
severa l  reasons. F i r s t ,  t h e  type of performance evaluations used at  t h e  
Manned Spacecraft Center a r e  such t h a t  they would not have provided much 
usefu l  information about t h e  s k i l l s  and a b i l i t i e s  t h a t  a r e  of i n t e r e s t  
t o  t h i s  study. Second, as has been pointed out by Sayles,' t h e  employee 
evaluat ion i s  a t  bes t  s t i l l  a very subject ive method. F ina l ly ,  even i f  
these evaluations could have provided aa object ive measure of engineers '  
a b i l i t i e s ,  there  wouid nave remained t h e  problem of determining the  rela- 
t i v e  value and need f o r  each of these a b i l i t i e s  or areas  of knowledge. 

A second avai lable  source of data was the record of management 
cuurses taken by individuals .  These records could have been cor re la ted  
with the  employees' promotion records or  performance evaluations.  This 
method would have several  shortcomings. F i r s t ,  since management t r a i n i n g  
courses a re  taken pr imari ly  at  t he  employee's i n i t i a t i v e  at the Manned 
Spacecraft Center,2 a high correlat ion with promotions could have been 
expected, assuming t h a t  those who were motivated t o  educate themselves 
i n  management s k i i l s  were also more or iented toward advancing i n t o  m a n -  
agement. 
indicat ion of a b i l i t y .  

Second, i t  w a s  f e l t  t h a t  promotions would not be a r e l i a b l e  

?Leonard R .  Sayles, Managerial Behavior; Administration i n  Complex 
Organizations (New York: Mc-Graw-Hill Book Company, 1964), p .  16. 

20f t h e  96 questionnaire respondents who had pa r t i c ipa t ed  i n  manage- 
ment t r a in ing  courses, 62 percent reported having taken these courses p r i -  
marily a t  t h e i r  own i n i t i a t i v e .  
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The a l t e rna t ive  of using t e s t s  t o  determine engineers '  knowledge 
and ap t i t ude  in  management i s  f e l t  t o  be the  most object ive way of meas- 
ur ing  engineers' a b i l i t i e s  and p o t e n t i a l  as managers. I f  t e s t s  with 
demonstrated v a l i d i t y  and r e l i a b i l i t y ,  designed t o  measure knowledge and 
s k i l l  i n  management areas, could be administered t o  a group of engineers 
and t o  a control group consis t ing of managers who a r e  judged by some c r i -  
t e r i o n  t o  be e f fec t ive  managers, it i s  f e l t  t h a t  t h e  d i f fe rences  which 
could be noted would provide an object ive and f a i r l y  r e l i a b l e  ind ica t ion  
of t h e  management t r a i n i n g  needs of engineers.  However, severa l  consid- 
e ra t ions  pointed t o  t h i s  method as an i d e a l  measurement which may be ap- 
p l i e d  at some fu tu re  t i m e  r a the r  than a method which was f e a s i b l e  i n  the 
present  study, Tes ts  a r e  ava i lab le  t o  measure general  i n t e l l i gence ,  
personal i ty  cha rac t e r i s t i c s ,  motivation, and achievement i n  educational 
subject  a reas  and occupations. A t e s t  has even been developed t meas- 
ure  "prof ic ient  knowledge'' of the manager-supervisor occupation .? Con- 
ceivably then, a b a t t e r y  of t e s t s  could be se l ec t ed  t o  measure the  ab i l -  
i t y  of engineers as managers, w i t h  the  poss ib le  exception of a few aspects  
of management a c t i v i t y .  
one w o u l d  f i r s t  have t o  determine j u s t  what a b i l i t i e s  and knowledge a r e  
required by the manager. 
measurement was r e j ec t ed  because of t he  d i f f i c u l t i e s  which would be en- 
countered, because of t he  lack  of the necessary cont ro l  group described 
above, and because of t he  time l imi t a t ions  of t h i s  research. 

However, i n  order t o  s e l e c t  the  proper t e s t s ,  

I n  the  present  study t h i s  general  method of 

The personal interview could have been used t o  gather e s s e n t i a l l y  
t h e  same type o f  information as the  quest ionnaire  wi th  t he  poss ib le  ad- 
vantage of gaining a b e t t e r  understanding of responses and thus  l imi t ing  
the  range of in te rpre ta t ions  t h a t  would have t o  be made. 
t o  time l imi ta t ions ,  t h i s  method could not have been used t o  reach near ly  
as l a rge  a sample as could be done w i t h  a mailed quest ionnaire  nor could 
the  same range of information have been gathered by a reasonably short  
interview. 

However, due 

It w a s  thus decided t o  r e l y  on the  quest ionnaire  as the  primary 
method of research and t o  use a l imi ted  number of interviews t o  gain ex- 
planatory information. I n  addi t ion t o  these methods, observations of 
present  management t r a in ing  courses and presenta t ion  and discussion of 
questionnaire r e s u l t s  w?th management served as supplementary sources of 
information for t h e  repor t .  

The survey questionnaire used has the  advantage of gather ing a la rge  
amount of data from a l a rge  sample i n  a r e l a t i v e l y  shor t  time. It a l so  

'Charles V.  Youmans, "Testing for Training and Development," i n  
Training and Development Handbook, ed. by Robert L .  Craig and Lester  R. 
B i t t e l  (New Yori: McGraw-Hill Book Company, 1967), p. 78. 
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has t h e  advantage of providing some measurement of t h e  r e l a t i v e  v a h e  of 
various itreas of management a c t i v i t y  so t h a t  conclusions can be based on 
both the  engineer 's  a b i l i t y  i n  a p a r t i c u l a r  a r ea  and t h e  r e l a t i v e  need 
f o r  prof ic iency i n  that  area ra ther  than on a simple measure of h i s  abi-  
l i t y .  The questionnaire has t h e  disadvantage of being somewhat lacking 
i n  ob jec t iv i ty ,  as it relies on t h e  ind iv idua l ' s  self-percept ion and h i s  
perceptions of h i s  managers. It i s  l i k e l y  t h a t  ne i ther  of these  percep- 
t i ons  represents  r e a l i t y  precisely,  but it w i l l  be argued t h a t  t he  use 
of both provides more r e l i ab le  results than t h e  use of e i t h e r  one alone. 

Development and Structure  of Questionnaire 

Preliminary Design and Testing.- The questionnaire used i n  t h i s  
study w a s  designed spec i f ica l ly  f o r  the  problem at  hand s ince no proven 
questionnaires were found which would furn ish  the  da ta  needed. A n  e f f o r t  
was made t o  acquire information on all questions within the  p ro jec t ' s  
scope using a s ingle  questionnaire f o r  a l l  engineers, both supervisory 
and non-supervisory. 
of th ree  d i f f e r e n t  supervisory l eve l s ,  and improvements were made on t h e  
basis of suggestions from these engineers and from personnel concerned 
w i t h  management t r a in ing .  A copy of t he  f i n a l  questionnaire with s u m m q  
r e s u l t s  may be found i n  Appendix A. The s t ruc tu re  and r a t iona le  of t he  
various questions included can be discussed under two categories:  de- 
f i c i enc ie s  i n  management a b i l i t y ,  and career  goals and a t t i t u d e s .  

A preliminary questionnaire was t e s t e d  on engineers 

Determining Deficiencies i n  Management Abi l i ty . -  I n  ident i fying and 
measuring def ic ienc ies  i n  management a b i l i t y ,  i t  was f e l t  t h a t  conclusions 
should be based on the  difference between the  ind iv idua l ' s  a b i l i t y  i n  a 
spec i f i c  a rea  and t h e  i d e a l  amount of a b i l i t y  required i n  t h i s  area.  An 
example should i l l u s t r a t e  the difference between t h i s  approach and t h a t  
of using only the first of these two measurements. Suppose t h a t  a study 
reavealed tha t  engineers were weakest i n  the  a rea  of wr i t ten  communica- 
t i o n  but were f a i r  i n  t h e i r  knowledge of operations research techniques. 
Using t h i s  knowledge, the  conclusion would be t h a t  more t r a in ing  resources 
should be a l loca ted  t o  improving these engineers' wri t ing a b i l i t y  than 
t o  any other  area. However, i f  t he  same study had also indicated t h a t  
these managers d id  very l i t t l e  wri t ing but t h a t  quant i ta t ive  decision 
making w a s  t h e  very essence of management i n  t h i s  organization, t he  i m -  
p l i ca t ions  f o r  management t ra in ing  would be qui te  d i f f e ren t .  

This reasoning lead  t o  the use of sect ion I1 of the  questionnaire,  
which asks t h e  respondent t o  indicate  the  r e l a t i v e  importance of each of 
a l i s t  of management a b i l i t i e s .  For the  same l i s t ,  he i s  then asked f irst  
t o  evaluate h i s  own a b i l i t y  and then the  a b i l i t y ,  i n  general, of h i s  man- 
agers.  It i s  f e l t  t h a t  t he  difference between t h i s  i d e a l  or  importance 
r a t i n g  and t h e  engineers' a b i l i t y  i s  t h e  best basis f o r  determining pr ior -  
i t i e s  f o r  t h e  a l loca t ion  of t ra in ing  resources. 



The l i s t  i t s e l f  i s  intended t o  be as inc lus ive  as poss ib le  of a b i l -  
i t i e s  required of managers a t  the  Manned Spacecraft  Center, focusing on 
areas  t o  which t r a i n i n g  can be r e l a t e d  (as opposed t o  pe r sona l i ty  t r a i t s ) ,  
while also considering t h e  b r e v i t y  and s impl ic i ty  that a r e  des i r ab le  i n  
a mailed questionnaire.  
of a b i l i t i e s  and knowledge required f o r  e f f ec t ive  management and includes 
others  t h a t  many l i s t s  do not include. 

It no doubt excludes items found on o ther  l i s ts  

Section IV, asking the  respondent 's  opinion of h i s  managers, was in- 
cluded because of  t h e  d e s i r a b i l i t y  of having a check f o r  t he  respondent 's  
self-perceptions as an i nd ica t ion  of t r a i n i n g  needs. 
cated t h a t  supervisors and subordinates o f t en  have d i f f e ren t .  perceptions.  
An example i s  Mann's f ind ing  tha t  76 percent  of t he  foremen i n  an organi- 
zat ion reported that  they consul t  with t h e i r  subordinates about job prob- 
lems but t h a t  only 16 percent of t h e  subordinates reported being consulted.4 
I n  the  present study, t h e  average respondent 's  se l f -eva lua t ion  was about 
10 percent higher than h i s  evaluation of h i s  managers. 
ment can be made about t he  r e l a t ionsh ip  of r e a l i t y  t o  these  two evalua- 
t i ons ,  but logic would seem t o  ind ica t e  t h a t  it l i e s  somewhere between 
the  two. I n  drawing conclusions from the  quest ionnaire  r e s u l t s ,  t he  
average of these two evaluat ions w a s  used. 

Resemch has indi-  

No prec ise  state- 

I n  addition t o  these  th ree  sect ions,  sect ion V I 1  of the question- 
na i r e  was a l s o  used t o  gather information on de f i c i enc ie s  i n  management 
a b i l i t y .  This p a r t  of t h e  questionnaire asks t h e  respondent t o  s e l e c t  
from a l i s t  of educational subject  a reas  those courses which could be of 
use i n  h i s  work and i n  which he has a d e f i n i t e  need f o r  fu r the r  t r a in ing .  

Determining Career Goals and At t i tudes  of Engineers.- To determine 
the  needs of a group of engineers f o r  management t r a i n i n g  and make recom- 
mendations for  management development programs t o  be used, it was neces- 
sa ry  t o  attempt t o  discover t h e  career  goals and a t t i t u d e s  of t he  average 
engineer. Section V contains questions r e l a t i n g  t o  the  engineer 's  career 
goals w i t h  respect t o  management and the  reasons he perceives f o r  h i s  
preference of e i t h e r  an engineering or a t echn ica l  management career .  
The primary goals of t h i s  sec t ion  of t h e  quest ionnaire  were t o  determine 
whether t h e  problem e x i s t s  of motivating engineers t o  become managers and 
t o  discover engineers' reasons for wanting o r  not wanting t o  become man- 
agers .  

Section V I  includes questions designed t o  measure the  respondent 's  
f ee l ings  about the  r o l e  of management education and t r a i n i n g  i n  develop- 
ing managers. The respondents were a l s o  asked t o  evaluate  the  management 

Robert L .  Kahn and Daniel Katz, The Socia l  Psychology of Organiza- 
4 
- t i o n s  (New York: John Wiley and Sons, Inc. ,  1966), p .  189. 
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they had a l ready  taken and were asked f o r  any suggestions regard- 
general  purpose of t h e  study. 

Selection of Sample 

Population.- It has been discussed e a r l i e r  t h a t  one of t h e  goals of 
t h i s  study w a s  t o  make recommendations regarding t h e  t o t a l  population of 
engineers at  t h e  Manned Spacecraft Center. 
cided t h a t  t h e  sample se l ec t ed  should be r ep resen ta t ive  of t h i s  t o t a l  
population. 
from various sub-groups, e.g., supervisors versus non-supervisors. 

For t h i s  reason, it was de- 

Using t h i s  s t r a t egy  would a l s o  allow comparing t h e  r e s u l t s  

The Manned Spacecraft Center i s  organized i n t o  seven- d i r ec to ra t e s ,  
t w q  program o f f i ces  and four  other o f f i c e s .  Those d i r e c t o r a t e s  and of- 
f i c e s  which contain engineers are l i s t e d  a t  t h e  top of t h e  columns of 
t a b l e  I. To provide t h e  information i n  t a b l e  I, a l i s t i n g  was obtained 
of all ind iv idua ls  i n  engineering jobs at t h e  Manned Spacecraft Center 
as determined by t h e i r  NASA job code. 
of engineers loca ted  i n  each major  o rganiza t iona l  u n i t  by GS-levels 7 
through 16. 
minis t ra t ion ,  Medical Research and Operations, F l i g h t  Safety, and Relia- 
b i l i t y  and Quality Assurance) were eliminated from t h e  population e i t h e r  
because of t h e i r  r e l a t i v e l y  small number of engineers or, i n  t he  case of 
Administration, because most of the engineers i n  t h i s  d i r ec to ra t e  a r e  
concerned with maintenance of t h e  Manned Spacecraft Center. It w a s  de- 
cided t o  use a s t r a t i f i e d  random sample of t h e  r e s u l t a n t  population with 
each of t h e  h i e r a r c h i c a l  l e v e l s  7, 9, 11, 12, 13, 14 ,  15,  and 16 compris- 
i n g  a stratum. This method of s t r a t i f i c a t i o n  was se lec ted  because of 
t h e  expectation t h a t  r e s u l t s  would be more var iab le  among these  l e v e l s  
than any other d iv i s ions  which could be made. Also, using t h i s  method, 
an e f f o r t  could be made t o  control t h e  s i z e  of the  samples from each of 
these  l e v e l s  so t h a t  r e s u l t s  from the  various l e v e l s  could be compared. 

This t a b l e  summarizes the  numbers 

For purposes of simplicity,  four  organiza t iona l  u n i t s  (Ad- 

Sample Size.- Having determined t h a t  t h e  sample would be se lec ted  
randomly and i n  proportion t o  t h e  numbers of t h e  t o t a l  population i n  each 
of the  l e v e l s  GS-7 through 16, the only dec is ion  remaining was t h a t  of 
t o t a l  sample s i z e .  I n  order t o  make a t o t a l l y  r a t i o n a l  decision about 
sample s i ze ,  some estimate must be made of t h e  v a r i a b i l i t y  of t h e  popula- 
t i o n .  However, s ince  t h i s  research questionnaire contained a l a rge  num- 
ber of diverse questions, including some subjec t ive  ones, no s ingle  
meaningful measure of v a r i a b i l i t y  could be se lec ted .  Sample variances 
could have been ca lcu la ted  for individual items, bu t  t he  number of sub- 
j e c t s  included i n  t he  p r e t e s t  was not s u f f i c i e n t l y  l a r g e ,  and time pro- 
h ib i t ed  using a l a r g e r  sca le  pre- tes t ing  procedure. 

The sample s i z e  used w a s  f i n a l l y  determined on the  basis of t h e  f o l -  
lowing considerations.  F i r s t ,  the t o t a l  sample s i z e  would be l imi t ed  by 
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TABLE I.- MSC ENGINEERS (700 SERIES JOB CODES) BY 

GRADE LEVEL AND DIRECTORATE OR OFFICE 

Di rec tora te  o r  Office 

Engineering and Development 

Tota ls  

F l igh t  Operations 

Science and Applications 

Medical Research and Operations 

F l igh t  Crew Operations 

Admini s t ra t i  on 

Apollo Spacecraft  Program Office 

Apollo Applications Program Office 

F l igh t  Safety Office 

R e l i a b i l i t y  and Quality Assurance Office 

GS Level 16  1 5  1 4  13 12 11 9 7 

933 

600 

175 

26 

227 

77 

158  

55 

4 

27 

I Tota ls  27 211 390 633 370 303 225 124 2273 
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t h e  resources  ava i lab le  for sampling, a s i g n i f i c a n t  considerat ion i n  any 
sample s i z e  decis ion.  The c r i t i c a l  f a c t o r  i n  t h i s  case was the  time 
ava i l ab le  f o r  scoring, tabulat ing,  and analyzing t h e  completed question- 
naires, and it w a s  estimated tha t  no more than 200 could be handled. 
Second, a r e tu rn  percentage of from 50 t o  60 percent  of those question- 
naires mailed out was expected. F ina l ly ,  a minimum sample of 30 was de- 
s i r e d  from each of t he  following f i v e  groups: GS-7 and 9; GS-11 and 12; 
GS-13; GS-14; GS-15; and GS-16. (Examination of sampling t a b l e s  r evea l s  
t h a t  increase i n  accuracy i s  r e l a t i v e l y  s m a l l  beyond N=30.) Using these  
guidel ines ,  a t o t a l  sample of 330 was decided upon, divided as indica ted  
i n  t a b l e  11. 

Sample Return and Rel iab i l i ty . -  O f  t h e  330 questionnaires mailed, 
191 (58 percent )  were returned i n  time t o  be included i n  t he  r e s u l t s  of 
t h i s ' s t u d y .  
u n i t s  included and from each of e ight  GS-levels a r e  rcughly propor t iona l  
t o  t h e  numbers i n  these same categories i n  the  t o t a l  population as shown 
i n  t a b l e  111. 

The numbers received from each of the  s i x  organizat ional  

To provide an ind ica t ion  of t h e  r e l i a b i l i t y  of t h e  r e s u l t i n g  sample, 
var iances  were calculated f o r  some of the  quest ionnaire  items. The most 
var iab le  item found was item 1 i n  sec t ion  11, the  respondents' opinions 
of the  r e l a t i v e  importance of technical  knowledge, which had a standard 
devia t ion  of 2.03. 
sults f o r  t h i s  p a r t i c u l a r  item would be tha t  one can be 95 percent con- 
f i d e n t  t h a t ,  i f  t he  e n t i r e  population were surveyed, the  r e s u l t i n g  average 
score f o r  t h i s  item would be within a range of .26 (on the  10 poin t  s ca l e  
used) above and below the average score given the  item by the  sample 
group. 
standard deviat ion of 1.17. Stated i n  t h e  above terms, one i s  95 percent  
confident t h a t  t h e  t r u e  population mean i s  within 2.15 poin ts  of t h e  sam- 
ple  mean. 

One simple statement of t h e  r e l i a b i l i t y  of the  re-  

The l e a s t  var iab le  item found was item 7 i n  sec t ion  11, with a 

I n  general ,  responses evaluating managers were more var iab le  than  
those f o r  self-evaluat ions,  thus the  r e s u l t s  f o r  self-percept ions a r e  
somewhat more s t a t i s t i c a l l y  re l iab le .  Also, r e s u l t s  f o r  subgroups of 
t h e  t o t a l  sample w i l l  be l e s s  r e l i a b l e  than those f o r  the  e n t i r e  sample. 

To summarize the r e l i a b i l i t y  of the  sample on which t h e  conclusions 
of t h i s  repor t  a r e  based, it can f i r s t  be s t a t e d  t h a t  the  s t ruc tu re  of 
t h e  r e s u l t a n t  sample i s  representat ive of t h a t  of the  t o t a l  population 
of engineers at the  Manned Spacecraft Center. Second, although a com- 
p l e t e  s t a t i s t i c a l  ana lys i s  w a s  not performed, t he  checks which were made 
ind ica te  t h a t  t he  sample i s  large enough t o  be s t a t i s t i c a l l y  r e l i a b l e  i n  
statements about the  t o t a l  population. 
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T m  11.- SAMPLE SIZE FOR MATLED QUESTIONNAIRE 

GS Level 

16 

15 

14 

13 

12 

ll 

9 

7 

Tota l  

Number in Sample 

10 

40 

55 

80 

45 

40 

30 

30 

330 
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TABLE 111.- PERCENTAGE OF SAMPLE VS. PERCENTAGE OF POPULATION 

CONTAINED IN VARIOUS CLASSIFICATIONS 

Direc tora te  or Office 

Engineering and Development 

F l igh t  Operations 

Science and Applications 

Fli ght Crew Ope ra t ions  

Apollo Space c r a f t  Program 

Apollo Applications Program 

Percentage* 
of re turned 

sample 

55 

25 

3 

a 
7 

3 

Per cent age* 
of 

population 

44 

28 

8 

10 

7 

3 

GS Level 16 1 5  1 4  13 12 11 9 7 

Percentage* of returned 
sample 2 12 1 5  24 1 5  12 10 10 

Percentage* of 
population 1 9 17 28 16 13 10 6 

*Percentages f o r  sample do not add t o  100 due t o  rounding. 
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CHAPTER IV 

ANALYSIS OF RESULTS 

This chapter w i l l  d iscuss  the major r e s u l t s  compiled from t h e  l 9 l  
quest ionnaires  t h a t  were returned. The discussion of these r e s u l t s  w i l l  
a l s o  r e f l e c t  t he  interviews and other observations made during the  re-  
search p ro jec t .  

Most of the  questionnaire responses have been broken down i n t o  re-  
s u l t s  f o r  supervisory engineers and non-supervisory enginfers.  These 
two groups have been fu r the r  subdivided i n t o  a t o t a l  of f i v e  groups as 
follows: Group 1, consis t ing of 24 ind iv idua ls  with second and t h i r d  
l e v e l  supervisory respons ib i l i ty ;  Group 2,  cons is t ing  of 39 individuals  
with f i r s t - l i n e  ( o r  approximately equal) supervisory respons ib i l i ty ;  
Group 3 ,  cons is t ing  of 41 non-supervisors, 35 Gs-13'~ and 6 Gs-14 '~ ;  
Group 4, cons is t ing  of 49 non-supervisory GS-11's and 12 's ;  and Group 5, 
made up of 38 non-supervisory GS-7's and GS-9's. 

Table I V  gives some a d d i t i o n a l  descr ip t ive  data f o r  these f i v e  groups. 
Since most recent  graduates enter a t  the  GS-7 or GS-9 l eve l s ,  the progres- 
s ion  from Group 5 t o  Group 1 can be viewed as the progression,from ent ry  
i n t o  the  organization upward t o  middle management by promotion from one 
group t o  t h e  next.  
o lder  than the  next higher group, ind ica t ing  t h a t  the  GS-l3 l eve l  may be 
a plateau beyond wnicn engineers a r e  not as l i k e l y  t o  progress unless  tney 
move i n t o  management. 

Group 3 has been i n  the  organization longer and i s  

Since responses t o  sec t ion  I1 a r e  the  basis f o r  computing perceived 
def ic ienc ies ,  r e s u l t s  of t h i s  section w i l l  be presented f i r s t  t o  f a c i l i -  
t a t e  an understanding of the nature of the  management job a t  the Manned 
Spacecraft Center. The remaining questionnaire r e s u l t s  w i l l  then be d i s -  
cussed under three  headings: Perceived Deficiencies,  Career Goals, and 
At t i tudes  Towards Management Training. 

Relative Importance of Management A b i l i t i e s  

Introduction.-  Reasons have already been discussed fo r  including t h i s  
sec t ion  of the  questionnaire as a basis from which t o  evaluate the  manage- 
ment a b i l i t i e s  of engineers.  While the  r e s u l t s  of t h i s  sect ion may not 
necessar i ly  r e f l e c t  the  idea l  p r i o r i t i e s  which should be given these a b i l -  
i t i e s  fo r  optimum performance by the organization, it w i l l  be argued t h a t  
they  do provide the bes t  avai lable  ind ica t ion  of t he  p r i o r i t i e s  given 
these  management a c t i v i t i e s  by present par t ic ipants  i n  the  organization. 
I n  reviewing individual  questionnaires, it was noted t h a t  each man's 
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responses r e f l e c t e d  t o  some extent t h e  nature  of h i s  p a r t i c u l a r  job and 
supervisors,  and the  time spent using various a b i l i t i e s .  Summary t o t a l s  
f o r  a l a r g e  sample should then provide a measure of the  r e l a t i v e  impor- 
tance of various a reas  of a b i l i t y  t o  e f f ec t ive  management of t he  organi- 
zation, as perceived by members of t h e  organization. 

The inclusiveness  of the  l i s t  of a b i l i t i e s  was somewhat confirmed by 
the  f a c t  t h a t  i n  only a few cases were responses added t o  the  l i s t  by t h e  
respondents. Those qua l i f ica t ions  added could usua l ly  be properly sub- 
sumed under one or more of t he  items already l i s t e d .  

Evidence has been presented t h a t  perceptions of supervisors and sub- 
ordinates  o f t en  d i f f e r .  
opinions of supervisors might be a more va l id  ind ica t ion  of t he  manage- 
ment job,  s ince  presumably they are more fami l ia r  with management than 
a r e  non-supervisors. Accordingly, the  r e s u l t s  of t h i s  sect ion w i l l  be 
broken down i n t o  responses given by supervisory and non-supervisory 
engineers.  

I n  t h i s  instance,  it would be expected t h a t  t h e  

Results.- The average scores given each of the 17 items by supervi- 
sors ,  non-supervisors, and the t o t a l  group a r e  l i s t e d  i n  Table V. For a 
pl-esentation of the  average r a t ings  by each of the f i v e  groups described 
above, see Ap,pendix B. 

There was l i t t l e  variance between perceptions of non-supervisory en- 
g ineers  and those of supervisors,  espec ia l ly  i n  those a b i l i t i e s  which 
they r a t ed  as most important. O n  only two items d id  the  rank of a par- 
ticular itet-, vary by more than t w o  between the  two g rmps .  
so r s  considered "knowledge of and a b i l i t y  t o  use other p a r t s  of t he  MSC 
organization" more important than d i d  supervisors,  and supervisors con- 
s idered  " a b i l i t y  t o  handle subordinates' personal and in te rpersonal  prob- 
lems" more important. Otherwise, there  was general  agreement between the  
two groups as t o  the  a b i l i t i e s  and knowledge required t o  be an e f f ec t ive  
manager a t  MSC. 

Noii-aiipervi- 

"Abil i ty  t o  make correct  and t imely decisions" was LudFed t o  be t h e  
most impartant managerial a b i l i t y  by a s ign i f i can t  margkn. 
important, grouped closely,  were: "favorable personal t ra i ts"  , " a b i l i t y  
t o  work with higher management", " a b i l i t y  t o  plan and e s t a b l i s h  goals", 
and " a b i l i t y  t o  motivate subordinates". Surprisingly,  "above average 
technica l  knowledge" was ranked near the bottom of the l i s t  by the t o t a l  
sample and w a s  ranked last  by supervisors.  
t h i s  i s  t h a t  perceptions of the r e l a t i v e  importance or resources a r e  in- 
f luenced by t h e i r  scarc i ty .  
has an abundance of engineering t a l e n t ,  it i s  conceivable t h a t  t h i s  might 
cause technica l  knowledge t o  be perceived as l e s s  important. However, 
even a f t e r  considering the  possible influence of t h i s  f ac to r ,  one cannot 

Next most 

A possible  explanation f o r  

If it  i s  assumed t h a t  the  MSC organization 
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el iminate  t h e  p o s s i b i l i t y  t h a t  i n  many management jobs a t  t he  Manned 
Spacecraft  Center technica l  excellence i s  not a necessary qua l i f i ca t ion  
f o r  e f f e c t i v e  performance. 

It i s  a l s o  s ign i f i can t  t ha t  wri t ing,  speaking, and reading a b i l i t y ,  
t he  communications s k i l l s  of ten considered t o  be both the  most important 
of managerial a b i l i t i e s  and the areas i n  which engineers a r e  most def ic-  
i e n t ,  were ranked only gth,  l3 th ,  and 17th  among the  17 items. This i n -  
d i ca t e s  t h a t ,  even if engineers a r e  weak i n  these communications skills, 
other  areas of management t r a in ing  may be more deserving of emphasis. 

The r e l a t i v e l y  low importance perceived f o r  " a b i l i t y  t o  a i d  subordi- 
na t e s '  development" may indicate  t h a t  the  needs f o r  management t r a in ing  
ind ica ted  by t h i s  study could a t  l e a s t  p a r t i a l l y  be f u l f i l l e d  by an in- 
creased emphasis on on-the-job development of subordinates by supervisors.  

Perceived Deficiencies 

Evaluations of Self  and Managers.- It has been argued t h a t  p r i o r i t i e s  
f o r  management development should be determined by the  gap between t h e  
amount of prof ic iency required and the present s t a t e  of a b i l i t y .  Basing 
conclusions only on assessment of present  a b i l i t y  would ignore the  f a c t  
t h a t  t h e  value of various areas of management a b i l i t y  (and of management 
t r a i n i n g )  may vary. Accordingly, the  r e s u l t s  of sect ions 11, 111, and 
IV of the  questionnaire a re  presented here i n  terms of t he  differences 
between t h e  importance perceived f o r  t h e  various items i n  sect ions I1 and 
t h e  respondent' s assessment sf  h i s  om a b i l i t y  ( sec t ion  111) or h i s  assess-  
ment of h i s  managers' a b i l i t y  ( sec t ion  IV). A summary of these d i f fe rences  
i s  presented i n  Table V I ,  and r e s u l t s  f o r  the  f i v e  groups described by 
Table V I  may be found i n  Appendix B. 

The average respondent's evaluation was approximately 10 percent 
higher than h i s  evaluation of h i s  managers. I n  analyzing t h i s  r e s u l t ,  i t  
was reasoned t h a t  t he  average individual  probably overestimated h i s  own 
a b i l i t y  and underestimated (or underrated) h i s  managers' a b i l i t y .  
ing previous research showing the re la t ionship  of r e a l i t y  t o  such evalua- 
t i ons ,  i t  was decided t h a t  the ac tua l  a b i l i t y  of the average engineer 
would b e s t  be indicated by a point between these  two evaluations.  The 
following discussion and conclusions a re  thus based on the  average of 
these two indica t iocs  of deficiency i n  management a L i l i t y .  Since no s ig-  
n i f i c a n t  pa t te rns  of differences between results f o r  supervisors and those 
f o r  non-supervisors was found, the t o t a l  sample r e s u l t s  were chosen as the  
bes t  ind ica t ion  of management t r a in ing  needs. 

Lack- 

I n  three  areas ,  these def ic iencies  were approximately equal and con- 
s iderably grea te r  than the def ic iencies  i n  the  other  14 areas .  
were: decision-making ab i l i t y ,  a b i l i t y  t o  plan and e s t ab l i sh  goals, and 

These 



8 

I 

H > 

h 
I, .rl 

v) 
d 

0 
M 

a 
.c 
.?I 
d 
P 
c, 

w 

M 

.-I 
N 
.rl 
C 
M 

0 

v) 
& 

v) 
.rl 

& 
W 

2 
G 
c, 
.rl 
5 

z 
.-I 
Y 
0 
3 

v) 
M 
.rl 
c, 
91 s 

s 
M 
.d 
c, 

a 
0 u 

M 
.-I 
d 
d 

& 
c, 
0 

a 
rd 

MI 
.d 
c, 

fi  .rl 

a 
0 
u 

v) 
C 
..+ 
I, 

I, 

91 

91 
h a 
d 

& 
0 

W 
M a 
d 

3 
d 

.rl 
J 
4 
C 

H 



27 

c 

a b i l i t y  t o  motivate subordinates. The average def ic iency perceived i n  
these  areas w a s  2.3 on the  10 point s ca l e .  This f igu re  has more meaning 
when expressed as a deficiency of 25 percent ,  27 percent ,  and 27 percent ,  
respect ively,  of t h e  amount of a b i l i t y  perceived as required f o r  e f f e c t i v e  
management. I n  addi t ion  t o  these quest ionnaire  resul ts ,  interviews and 
conversations with engineers and comments received on the  subject ive areas 
of the  quest ionnaire  can be ci ted as evidence t h a t  engineer-making, plan- 
ning, and motivating. The second and t h i r d  of these th ree  a reas  a r e  sub- 
j e c t s  i n  which engineers receive r e l a t i v e l y  l i t t l e  formal education, but 
a t  f i r s t  glance it might seem tha t  engineers should be s t rong i n  decision- 
making a b i l i t y  because of t h e  problem-solving o r i en ta t ion  of much of t h e i r  
undergraduate work. However, as has been implied by l i t e r a t u r e  c i t e d  i n  
Chapter 11, an o r i en ta t ion  toward t h e  detai led and exact decision-making 
process used i n  many engineering problems may i n  f a c t  be a hindrance when 
deal ing with managerial problems i n  which many var iab les  are not subjec t  
t o  quant i f ica t ion  and time l imi ta t ions  o f t en  preclude an exact and de- 
ta i led  ana lys i s  of t h e  problem. That engineers f e e l  a d i f f i c u l t y  i n  deal-  
i n g  with human problems and subjective considerat ions r a the r  than tech- 
n i c a l  problems i s  fu r the r  evidenced by t h e  f a c t  t h a t  almost no def ic iency 
w a s  perceived i n  technica l  knowledge. 

Following these  th ree  areas i n  need f o r  t r a i n i n g  i s  a second group 
of four with an average deficiency of from 1.5 t o  1.8 and the  percentage 
described above ranging from 19 percent  t o  22 percent. In  t h i s  group 
were: a b i l i t y  t o  e s t ab l i sh  an e f f ec t ive  organizat ional  s t ruc ture ,  work- 
ing wi th  higher management, scheduling t h e  work load,  and understanding 

-and  deal ing w i t h  subordinates '  personal and in te rpersonal  problems. It 
i s  d i f f i c u l t  t o  c i t e  an a rea  of knowledge or type of t r a in ing  t h a t  can 
focus s p e c i f i c a l l y  on the  second of these  four a reas ,  working with higher 
management. Subjective questionnaire responses and other  observations 
have indicated t h a t  t h i s  f e l t  deficiency may be t h e  r e s u l t  of some nega- 
t i v e  fee l ings  toward higher management and a need f o r  b e t t e r  communica- 
t i o n  v e r t i c a l l y  through the  organization. Thus, t he  f ee l ing  of an inab i l -  
i t y  t o  work with higher management may have been perceived as aue t o  a 
def ic iency on t h e  p a r t  of higher management, and may indica te  a need f o r  
a b e t t e r  understanding of human r e l a t i o n s  by higher management. 
th ree  areas i n  t h i s  second group a re  again top ics  i n  which most engineers 
receive r e l a t i v e l y  l i t t l e  formal t r a i n i n g  and ind ica te  a need f o r  g rea t e r  
knowledge of organization theory, human behavior, and planning theory and 
methods. 

The o ther  

I n  a l l  these f i r s t  seven areas,  and i n  general  f o r  the e n t i r e  l i s t ,  
there  was l i t t l e  difference between the  average perceptions of the  super- 
visory engineer and the  non-supervisory engineer.  In  only th ree  areas 
w a s  t he  d i f fe rence  between the  average def ic ienc ies  perceived by these  
two groups grea te r  than 0.5. The non-supervisory engineers saw "know- 
ledge of and a b i l i t y  t o  use other p a r t s  of t h e  MSC organization", "above- 



average technical  knowledge", and " a b i l i t y  t o  coordinate and Control 
subordinates" as l a r g e r  def ic ienc ies  than d id  t h e  supervisors.  

The communications s k i l l s  ( o r a l  p resenta t ions ,  reading, and writ ing)  
ranked 12th,  U t h ,  and 1 5 t h  i n  def ic ienc ies .  
teaching these s k i l l s  i s  not necessarry o r  that engineers a re  p ro f i c i en t  
i n  these areas.  Examining r e s u l t s  of self-evaluat ions alone reveals i n  
f a c t  t ha t  reading, giving o r a l  presentat ions,  and a r e l a t e d  s k i l l ,  Con- 
ducting meetings and conferences, and the  three areas on t h i s  l i s t  i n  
which engineers feel  they a re  least p ro f i c i en t .  However, placing t h i s  
i n  perspective by looking a l s o  at  t h e  nature of the  management job and 
the value and importance perceived f o r  var ious areas of abi l i ty ,  diaclo- 
ses  that other a c t i v i t i e s  may be more important t o  t h e  e f f ec t ive  mansge- 
ment of t h e  organization and thus deserve more emphasis i n  t ra in ing  than 
they have received. 
meetings and conferences", and " a b i l i t y  t o  give good o r a l  presentations",  
and the  average def ic ienc ies  perceived of 1.25 and .85 (16 percent and 
ll percent)  indicate  that ,  among the  communications s k i l l s ,  improving 
the  engineer 's  a b i l i t y  t o  speak before a group deserves primary emphasis. 

This does not mean t h a t  

The 9th and 12th  rankings of " a b i l i t y  t o  conduct 

The only area i n  which no s igni f icant  def ic iency w a s  perceived was 
technica l  knowledge. The supervisors and managers indicated,  i n  f a c t ,  
t h a t  they and t h e i r  managers had more than enough technica l  knowledge t o  
perforpl e f fec t ive ly  as managers. T h i s  result may have implications both 
f o r  t r a in ing  and f o r  t he  process and c r i t e r i a  used i n  se l ec t ing  managers. 
Perhaps the  fac t  t h a t  managers a re  de f i c i en t  i n  some of t h e  other areas  
discussed above i s  p a r t i a l l y  t h e  r e s u l t  of p lac ing  too  much emphasis on 
technica l  a b i l i t y  i n  t h e i r  se lec t ion .  

Educational Subjects Perceived as Needed.- The f i n a l  sect ion of the  
questionnaire provided another measure of def ic iency i n  management a b i l i t y ,  
asking t h e  respondent t o  ind ica te  educational subject  areas i n  which he 
needs fu r the r  t ra in ing .  
j e c t s ,  40 subjects were l i s t e d .  Table V I 1  shows r e s u l t s  f o r  16 courses 
t h a t  were requested by more than 25 percent of t h e  sample. Results f o r  
all 40 courses se lec ted  by various GS-levels may be found i n  Appendix B. 

Including f i l l - i n  ca tegor ies  f o r  technica l  sub- 

I n  general, there  was a good co r re l a t ion  between these  r e s u l t s  and 
the def ic iencies  indicated by the  first p a r t  of t h e  questionnaire.  Ex- 
ceptions were the  communications sk i l l s ,  which ranked 2nd, 4th, and 7th 
on t h i s  l i s t  of 40 subjects ,  but  (according t o  r e s u l t s  presented i n  the 
previous section of t h i s  r epor t )  were not among the  areas w i t h  the  great-  
e s t  def ic iencies  of a b i l i t y .  Several f a c t o r s  help t o  explain what would 
seem a t  f i rs t  glance t o  be an inconsistency i n  t h e  respondents'  percep- 
t ions .  Most important, public speaking, reading improvement, and wri t ten 
communications axe general ly  recognized as axeas i n  which education and 
t r a in ing  can make s ign i f i can t  improvements, These courses can be d i r e c t l y  
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TABLE V I 1 . -  SUBJECTS FG3QUESTED BY 

25 PERCENT OF RESPONDENTS 

Name of Subject 
~~ ~ 

Problem solving and decision-making 

Public speaking 

Planning and goal  setting 

Reading improvement 

Elements of supervision 

Principles of leadership 

Management of research and development 

Written communication 

Individual and group motivation 

Principles of organization 

Creative thinking 

Computer applications 

Human relations 

Human behavior in organizations 

Conference leadership 

Engineering specialties 

i 

29 

Percent 

54 

49 

41 

39 

39 

36 

36 

36 

3k 

34 

31 

30 

27 

26 

26 

26 



r e l a t e d  t o  def ic ienc ies  i n  a b i l i t y ,  and t h e i r  value has been proven and 
i s  well  known. 
spec i f i c  bodies of knowledge t o  some of the  other  a reas  of management 
a b i l i t y ,  and the value of some of the  other  courses l i s t e d  has .not  been 
demonstrated as w e l l  as t h a t  of these  th ree  subjec ts .  
on these r e s u l t s  i s  t h e  f a c t  t h a t  these  courses a r e  now a major p a r t  of 
t he  management t r a i n i n g  e f f o r t  and have been taken by many engineers.  

On the  o ther  hand, it i s  d i f f i c u l t  t o  d i r e c t l y  r e l a t e  any 

A second influence 

The perceived needs f o r  a course i n  making o r a l  p resenta t ions  by 
49 percent of the sample and a course i n  conducting meetings and confer- 
ences by 26 percent a r e  fu r the r  support f o r  the  statement made above t h a t  
t r a i n i n g  i n  o ra l  communication should have f i r s t  p r i o r i t y  among communi- 
ca t ions  s k i l l s .  These f igu res  and those f o r  reading improvement (39 per- 
cent)  and wri t ten communications (36 percent) ,  and t h e  f a c t  t h a t  these  
courses have proven value, would seem t o  j u s t i f y  continuing t o  make these 
courses a s ign i f i can t  p a r t  of t he  management development curriculum. 

Results for  other  subjec t  a reas  provide support f o r  statements which 
have been made about p r i o r i t i e s  f o r  management t r a in ing .  
i n  the previous sec t ion  t h a t  t h e  l a r g e s t  def ic ienc ies  i n  a b i l i t y  were i n  
the  a reas  of decision making, planning and e s t ab l i sh ing  goals,  and moti- 
va t ing .  
popular of the 40 subjec ts ,  being requested by 54 percent of the  respond- 
en t s .  
it 3rd; and "Individual and Group Motivation" ranked gth,  se lec ted  by 
34 percent.  

It was s t a t e d  

A course i n  "Problem Solving and Decision-Making" w a s  t he  most 

"Planning and Goal Set t ing" was se lec ted  by 41 percent ,  ranking 

"Abi l i ty  t o  e s t a b l i s h  e f f ec t ive  organizat ional  s t ruc ture" ,  the  four th  
l a r g e s t  deficiency indicated by the previous sect ion,  could be r e l a t e d  t o  
a course i n  "Principles  of Organization", se lec ted  by 34 percent of t he  
respondents, and courses i n  "Human Relations" and "Human Behavior i n  Or- 
ganizations" could be r e l a t e d  t o  the perceived def ic ienc ies  i n  " a b i l i t y  
t o  understand and dea l  with personal and interpersonal  problems of sub- 
ordinates" and " a b i l i t y  t o  work w i t h  higher management". 

Looking at other  courses and areas  of perceived def ic iency d isc loses  
some courses which a r e  general  i n  nature and would include content r e l a t -  
ing t o  several  areas  of a b i l i t y  and some areas  of managerial a b i l i t y  t o  
which no single subjec ts  can be r e l a t ed .  Responses f o r  some courses 
l i s t e d ,  such as "Elements of Supervision", serve as fu r the r  ind ica t ions  
of engineers '  need for and i n t e r e s t  i n  management t r a i n i n g  i n  general .  

The f i l l - i n  a reas  f o r  technica l  courses could be r e l a t e d  t o  t h e  man- 
age r ' s  need for  technica l  competence; bu t ,  due t o  t h e  f a c t  t h a t  these  
items required a wr i t t en  response as opposed t o  a check f o r  t he  other  
items, r e s u l t s  f o r  these questions probably do not provide an accurate 
ind ica t ion  of engineers' needs f o r  fur ther  technica l  education as com- 
pared t o  management education. The 26 percent who entered courses i n  
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t h e  blanks f o r  "Engineering Special t ies"  were p r imar i ly  those who ind i -  
cated elsewhere i n  t h e  questionnaire t h a t  they  were not  i n t e r e s t e d  i n  a 
management career .  The most common request  i n  t h i s  area was f o r  a good 
general  engineering r e f r e she r  course. 

There was considerable evidence f o r  t h e  need f o r  a general  course 
i n  research and development management. Thi r ty-s ix  percent  of t h e  re- 
spondents ind ica ted  a need f o r  t h i s  subject ,  bu t  t h e  percentage was much 
higher than t h i s  f o r  higher leve ls .  A number of comments entered i n  the  
subjec t ive  a reas  of the questionnaire a l s o  h in ted  a t  t h e  need t o  educate 
engineer-managers i n  some of t h e  unique f a c t o r s  which may be involved i n  
supervis ing engineers and s c i e n t i s t s .  

Career Goals of Engineers 

Introduction.-  This section w i l l  present  r e s u l t s  of sec t ion  V of t h e  
quest ionnaire  and other  r e s u l t s  with implicat ions f o r  engineers '  career 
goals. The preconception t h a t  required research i n  t h i s  area w a s  t h a t  
engineers and s c i e n t i s t s  of ten have pr imari ly  t echn ica l  goals  and resent  
having t o  take t i m e  away from t h e i r  t echnica l  e f f o r t s  f o r  managerial 
dut ies .  I n  studying the  requirements for a management development pro- 
gram, then,  one question t o  be answered was whether such a program need 
attempt t o  i n t e r e s t  more engineers i n  management careers .  The evidence 
presented here ind ica tes  t h a t  such a problem does not  e x i s t ;  it shows 
t h a t  t h e  number of engineers in te res ted  i n  management careers  i s  more 
than enough t o  f i l l  t h e  number of management pos i t ions ,  so t h a t  the  prob- 
lem i s  one of se lec t ing  t h e  r i g h t  i n d i v i a u d s  and providing f o r  them the 
proper t r a in ing .  

I n i t i a l  Atti tudes.-  Responses concerning the  engineer 's  a t t i t u d e  
toward management when f i r s t  coming t o  the  organizat ion are summarized 
i n  Table V I I I .  These figures ind ica te  t h a t  most engineering graduates 
are in t e re s t ed  i n  eventual ly  moving i n t o  management; many see t h e i r  en- 
gineer ing degree as a means of advancing i n t o  t echn ica l  management. A s  
shown by Table VIII, 63 percent of t h e  191 engineers surveyed indicated 
a d e f i n i t e  i n t e r e s t  i n  a management career ,  and another 20 percent in -  
d ica ted  at l e a s t  an open mind. A r e l a t i v e l y  small percentage f e l t  they  
had f i rmly  decided upon a n  engineering career when they f i r s t  came t o  
the  Manned Spacecraft Center. 

Present Att i tudes.-  When asked t h e i r  present  choice between t h e  two 
types of jobs,  80 percent of the respondents ind ica ted  t h a t ,  i n  general ,  
they would prefer  a " technical  management job" over an "engineering job". 
(For  a breakdown of responses t o  t h i s  question, see Appendix A . )  
compared t o  the  above r e s u l t s ,  t h i s  does not seem t o  represent  any s ig-  
n i f i c a n t  change i n  a t t i t u d e s .  
questions indicated t h a t  one reason fo r  any change i n  a t t i t u d e s  which 

When 

Answers t o  the  two intervening subject ive 
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TABLE V I I 1 . -  INITIAL C m E R  ATTITUDES 

Percent 

12 

20 

37 

26 

Attitude 

Pretty sure wanted career in engineering; did 
not want to supervise unless necessary to 
advance. 

Primarily interested in engineering; hadn't 
given management much thought. 

Some desire to eventually enter management 
career. 

Management primary goal. 
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does t a k e  p lace  i s  t h e  recognition of organiza t iona l  f a c t o r s  such as 
s a l a r y  and promotion opportunities f o r  t h e  two careers .  

One reason f o r  t h e  l a r g e  percentage ind ica t ing  a preference f o r  man- 
agement i s  t h e  f a c t  t h a t  "technical" management was spec i f i ed .  
some evidence t h a t  a s ign i f i can t  number of engineers who responded t h a t  
t e c h n i c a l  management was t h e i r  choice were s t i l l  motivated p r imar i ly  by 
t echn ica l  reasons. A few qual i f ied  t h e i r  answers by saying they  would 
not w a n t  a management career i f  it meant being too  far removed from en- 
gineering work. 

There i s  

Reasons f o r  Career Preference.- I n  order t o  gain some understanding 
of t h e  reasons behind t h e  above r e s u l t s ,  t h e  respondents were asked t o  
i n d i c a t e  a l l  reasons (from a l i s t  of 12)  t h a t  were appl icable  t o  t h e i r  
preference,  then t o  ind ica t e  the most important of t hese  reasons. Re- 
sults f o r  t h e  second of these  two questions a r e  given by Table IX;  More 
than  50 percent of those ind ica t ing  a preference f o r  t echn ica l  management 
l i s t e d  e i t h e r  "sa la ry  and promotion opportunities" (26 percent )  or "being 
ab le  t o  take  p a r t  i n  planning and major decisions" (25 percent )  as the  
primary reason. The t h i r d  most important reason was "my own pe r sona l i ty  
and c a p a b i l i t i e s "  (20 percent ) .  Two f a c t o r s  dominated t h e  reasons given 
by those p re fe r r ing  an engineering career :  
b i l i t i e s "  (34 percen t ) ,  and "the c rea t ive  aspects of engineering" (29 per- 
c e n t ) .  

"my  own pe r sona l i ty  and capa- 

For a f u r t h e r  ind ica t ion  of the  importance of s a l a r y  and promotion 
oppor tuni t ies ,  t h e  respondents were then asked t h e i r  career  preference, 
assuming t h a t  s a l a ry  and advancement were equal f o r  t h e  two careers .  I n  
t h i s  case, 68 percent indicated a preference f o r  t echn ica l  management 
and 32 percent engineering. The 12 percent change was smaller than might 
have been expected but l a r g e  enough t o  ind ica t e  t h a t  s a l a r y  i s  an impor- 
t a n t  influence on these engineers' career preferences.  It i s  a l s o  s ig-  
n i f i can t  t h a t  26 percent of those ind ica t ing  a preference for t echn ica l  
management on the  f i r s t  question gave " sa l a ry  and promotion oppor tuni t ies"  
as t h e  most important reason, but  t h a t  none of those p re fe r r ing  an en- 
g ineer ing  career gave t h i s  as the most important reason. 

Although there  a re  several  suggestions t h a t  t he  80 percent who in -  
d i ca t ed  a preference f o r  management include some who a r e  not highly moti- 
va ted  toward management and some who a r e  motivated by f a c t o r s  other than 
enthusiasm f o r  t h e  work i t s e l f ,  t he  evidence t h a t  i s  ava i l ab le  ind ica t e s  
t h a t  t h e r e  i s  a s i g n i f i c a n t l y  large number of engineers who a r e  thus  
motivated toward management work. 

Career Pa t t e rns  and Perceptions of Abi l i ty . -  One f ind ing  which r e -  
s u l t e d  i n d i r e c t l y  from analysis of t he  f i r s t  four sec t ions  of t h e  ques- 
t i onna i r e  has some implications f o r  an understanding of t he  engineer ' s  
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TABLE 1X.- REASONS GIVEN AS MOST IMPORTANT FOR 

Management 
Preference, 

Percent* 

20 

1 

25 

26 

12 

11 

12 

1 

0 

1 

1 

1 

6 

CAREER PREFERENCE INDICATED 

Factor 

~~~ 

My own personal i ty  and c a p a b i l i t i e s  

Creative aspects  of engineering work 

Being ab le  t o  take p a r t  i n  planning and 
major decis ions 

Salary and promotion opportuni t ies  

Opportunities f o r  professional  growth 
and recogni t ion 

The general  nature  of management work 

The addi t iona l  r e s p o n s i b i l i t i e s  of 
management 

The s ta tus  of my technica l  s k i l l s  and 
knowledge 

The general nature of engineering work 

The people I would be working with 

My educational background 

The exactness and t echnica l  d e t a i l s  of 
engineering work 

Other 

Engineering 
PTeference, 

Percent* 

34 

29 

3 

0 

10 

5 

0 

5 

*Percentages do not add t o  100 due t o  t h e  f a c t  t h a t  some respon- 
dents  checked more than one f ac to r  as "most important". 
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I: 

career  a t t i t u d e s .  
a b i l i t y  provides a 
h i s  own a b i l i t y  as 

A n  average score for a l l  17 l i s t e d  items of managerial 
composite score of t he  average engineer 's  opinion of 
a manager and h i s  manager's a b i l i t y .  When graphed as 

averages of responses from f i v e  groups, as i n  f i g u r e  1, these  f igu res  
represent  a p a t t e r n  of a t t i t udes  which may have implicat ions f o r  manage- 
ment t r a i n i n g  and development. 

A s  shown by t h i s  graph, the average engineer ' s  opinion of h i s  own 
managerial a b i l i t y  gradually increases from t h e  l e v e l  of GS-7 and GS-9 
up t o  middle management. 
t o  t h e  organization, the self-evaluat ion of managerial a b i l i t y  i s  g rea t e r  
than t h e  opinion of one 's  manager. 
of one 's  manager decl ines  from ent ry  i n t o  t h e  organization u n t i l  the  
l eve l  of GS-13 i s  reached a t  which poin t  it i s  lowest.  It then increases  
f o r  individuals  who a r e  themselves supervisors  and managers, but the  gap 
remains l a rge  between t h e  t w o  evaluations.  These r e s u l t s  a r e  subject  t o  
many in t e rp re t a t ions ,  bu t  among other  th ings ,  they  would seem t o  suggest 
two things.  F i r s t ,  the  gradual decl ine of opinion of managers' a b i l i t y  
throughout the  non-supervisory l e v e l s  suggests a need f o r  a grea te r  un- 
derstanding of the  management job and i t s  requirements by lower l e v e l s .  
It has a l ready been pointed out t h a t  few management courses a re  ava i lab le  
t o  non-supervisors. Second, the r e l a t i v e l y  low opinion of managers' a b i l -  
i t y  at all l e v e l s  i s  an indicat ion of t he  need f o r  improving managers' 
performance, i n  general ,  and may a l s o  poin t  up a need for b e t t e r  communi- 
ca t ion  and understanding between supervisory and subordinates.  

For a l l  groups except t he  youngest and newest 

The general  opinion of the  ab i l i ty  

At t i tudes  Toward Management 'Training 

This sec t ion  of t he  questionnaire represents  an e f f o r t  t o  determine 
the  engineer 's  opinion of the value and r o l e  of management t ra in ing .  De- 
t a i l e d  r e s u l t s  f o r  t he  questions used may be found i n  Appendix A. Three 
questions were used t o  attempt t o  measure opinions of the  r o l e  of inher- 
en t  t raits ,  ac tua l  experience, and education and t r a in ing  i n  determining 
management a b i l i t y .  From the  questionnaire r e s u l t s  it can be concluded 
t h a t  these  engineers f e e l  t ha t  on-the-job experience and management edu- 
ca t ion  play a much grea te r  p a r t  than inherent t ra i t s  i n  determining m a n -  
a g e r i a l  capabi l i ty .  
value of management t r a in ing ,  as 82 percent answered e i t h e r  t h a t  i t  "is 
necessary and can be of great  value" (40 percent) o r  "can do much t o  i m -  
prove def ic iencies"  (42 percent) .  Only 3 percent answered t h a t  manage- 
ment education and t r a i n i n g  " i s  of l i t t l e  value compared t o  inherent 
a b i l i t i e s  and ac tua l  experience". 

They indicated a strong b e l i e f  i n  the  po ten t i a l  

Respondents were then asked t o  ind ica te  what percentage of any time 
spent fur ther ing  t h e i r  education they would l i k e  t o  spend on management 
t r a i n i n g  with t h e  remainder t o  be used f o r  technica l  t r a i n i n g ,  Results 
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for 17 Abilities for Sections 11, 111, and Tv of the Questionnaire. 
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f o r  t h i s  question were separated i n t o  two groups: 
a preference f o r  an engineering career and those who prefer red  technica l  
management. The ove ra l l  average w a s  52 percent,  but  f o r  t h e  management 
group t h e  average response was 60 percent.  It i s  possible  t h a t  misread- 
ing the question as "what percentage of your time" r a the r  than "percent- 
age of this education time" may have caused t h i s  f igure  t o  be too  low, 
but the r e s u l t s  would s t i l l  seem t o  ind ica te  t ha t  even those who want 
management careers  feel  t h a t  a s ign i f i can t  port ion of t h e i r  continuing 
education should be technical .  This i s  not inconsis tent  w i t h  t he  low 
deficiency perceived i n  technical  knowledge i f  it i s  assumed t h a t  t h i s  
amount of continuing technical  education i s  needed j u s t  t o  keep abreas t  
of technology. The average response f o r  t he  individual  who p r e f e r s  an 
engineering career  was that 31 percent of h i s  education time should be 
spent on management t r a in ing  wi th  the  remainder spent on technical .  

those who indica ted  
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A t  t he  Manned Spacecraft Center and i n  many other  organizations,  a 
need e x i s t s  f o r  individuals  with technica l  t r a i n i n g  and experience t o  
f i l l  management pos i t ions ,  especial ly  those responsible f o r  technica l  
e f f o r t .  Thus it becomes necessary t o  assess  the  a b i l i t y  of engineers 
and other  t echn ica l  people t o  perform as managers and t o  then i d e n t i f y  
the  requirements f o r  education and development t o  f i l l  the  gaps t h a t  
may e x i s t .  

On the  bas i s  of t h e  research done i n  t h i s  study, i t  can be concluded 
t h a t  a d e f i n i t e  need e x i s t s  for improving the  managerial s k i l l s  and know- 
ledge of engineers who a re  managers or who a r e  t o  become managers. I f  
for no other  reason, t h i s  need e x i s t s  because of t he  f a c t  t h a t  the  en- 
gineers  themselves f e e l  a lack of a b i l i t y  t o  perform e f fec t ive ly  as m a n -  
agers.  This i s  evidenced by questionnaire r e s u l t s  which show t h e i r  com- 
pos i t e  evaluat ions of t h e i r  own a b i l i t y  t o  be about 15  percent below 
t h e i r  perceptions of what it should be and t h e i r  perceptions of t h e i r  
managers' a b i l i t i e s  as 20 percent below t h i s  i dea l .  The magnitude of 
t he  r e a l  de f i c i enc ie s  i n  a b i l i t y  t h a t  e x i s t  i s  probably not subject t o  
exact measurement, but these  r e su l t s  imply a r e a l  need for improving the  
knoxledge aiid a b i l i t y  of engizeers who a r e  9 o t e n t i a l  maniger. Y -*- in a d d i -  ---- 
t i o n  t o  the  need f o r  improving t h e i r  confidence as managers by reducing 
t h e i r  own perceptions of shortcomings as managers. 

Although examining the  typical  engineering cu r r i cu la  d isc loses  t h a t  
many subjec ts  of possible  value t o  managers a r e  not included, it cannot 
be said on the  basis of t h i s  study t h a t  engineers as a group a r e  any more 
or l e s s  de f i c i en t  as managers than persons of other  educational back- 
grounds. This question would require  a similar study including other  
groups f o r  comparison. However, such comparisons would seem t o  be of 
secondary importance even i f  they were ava i lab le  as long as it can be 
concluded t h a t  engineers a re  def ic ient  as managers and t h a t  they need 
supplementary education and development. T h i s  study shown t h a t ,  f o r  the  

- -  

average engineer, such requirements do e x i s t .  

Career Goals 

The preconception t h a t  most research and development engineers have 
pr imari ly  technica l  goals and are  not motivated toward management careers  
was shown t o  be incor rec t .  The study revealed t h a t  many engineers des i r e  
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and a r e  seeking the  addi t iona l  r e spons ib i l i t y  and wider scope of du t i e s  
t h a t  they feel are offered  by management jobs.  
having time taken a w a y  from technica l  a c t i v i t i e s  fo r  adminis t ra t ive du- 
t i e s  was not noted among t h e  engineers s tudied i n  t h i s  p ro j ec t .  

The tendency t o  resent  

Results show tha t  a l a rge  majority of engineers a re  more in t e re s t ed  
i n  a career i n  technica l  management than i n  spending t h e i r  career  i n  en- 
gineering work. 
f a c t  t h a t  t h e i r  salary and advancement goals cannot be s a t i s f i e d  by re-  
maining i n  purely technica l  work, and others  would not want a management 
job tha t  would prevent them from spending some time i n  engineering dut ies .  
It must be concluded, however, tha t  a l a rge  number of engineers a r e  moti- 
vated toward management by t h e  nature  of the  work i t se l f ,  seeking t h e  ad- 
d i t i o n a l  respons ib i l i ty .  Because it i s  d i f f i c u l t  t o  i s o l a t e  r e a l  motives 
f o r  ind ica t ing  a preference f o r  management, a prec ise  statement cannot be 
made about t h e  percentage of engineers who have t h i s  favorable motivation 
toward managing, bu t  all ind ica t ions  a re  tha t  it i s  ce r t a in ly  l a rge  enough 
t o  fill the  avai lable  management posi t ions.  

Many have made t h i s  choice because of recogni t ion of t he  

Thus there i s  not s ign i f i can t  need t o  change engineers '  a t t i t u d e s  
toward management careers ,  and a program f o r  management development does 
not have the  i n i t i a l  t a sk  of providing t h i s  motivation. This study indi-  
ca tes ,  i n  f a c t ,  that  possibly a more s ign i f i can t  problem i s  t h a t  of pro- 
viding the  type of work and rewards necessary t o  motivate a s u f f i c i e n t  
number of engineers t o  devote t h e i r  careers  t o  the  technica l  excel lence '  
t h a t  i s  necessary t o  t h e  e f fec t iveness  of an organization such as the  
Manned Spacecraft Center. 

The implications of these  r e s u l t s ,  then, f o r  a management develop- 
ment program for engineers, a r e  t h a t  such a program should concentrate 
on se lec t ing  engineers who are  motivated toward management work and a re  
most qua l i f ied  t o  become managers and should then provide these engineers 
wi th  t he  education, t r a in ing ,  and guidance necessary f o r  t h e i r  develop- 
ment i n t o  e f fec t ive  managers. 

P r i o r i t i e s  f o r  Managenent Training 

What then, should be the  components of a program of management de- 
velopment for engineers, and what  r e l a t i v e  emphasis should be given t o  
various management s k i l l s  and knowledge i n  such a program? 
there  i s  a need fo r  fu r the r  research i n  t h i s  area before the  t e n t a t i v e  
conclusions which can be drawn from t h i s  study can be ve r i f i ed ,  but  these 
conclusions should be the  most object ive bas i s  now ava i lab le  f o r  answer- 
ing these questions. 

Certainly 

The f irst  conclusion which can be drawn i s  tha t  engineers f e e l  a 
l ack  of a b i l i t y  t o  make t h e  decisions required of a manager. The study 
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was cons is ten t  i n  ind ica t ing  t h i s  as the  f i r s t  p r i o r i t y  f o r  management 
development; it w a s  t he  l a rges t  def ic iency perceived i n  the  evaluat ions 
made and w a s  a l s o  t h e  subject  a rea  perceived as n?eded by t h e  l a r g e s t  
number of engineers, 54 percent of the  sample. D i f f i cu l ty  i s  evident ly  
encountered by engineers i n  making decis ions which involve subject ive 
considerations;  t he  respondents' perception of l i t t l e  def ic iency i n  tech- 
n i c a l  knowledge ind ica tes  t h a t  it i s  not technica l  decis ions t h a t  a r e  
d i f f i c u l t  f o r  engineers bu t  those which involve human f a c t o r s  and requi re  
judgment and sometimes a cer ta in  amount of courage. Courses which teach 
a decision-making procedure and methods f o r  reducing some of the  subjec- 
t i v i t y  of managerial decisions can help decrease the  def ic iency perceived 
i n  t h i s  area. Improvement should a l s o  be made by giving young engineers 
more opportuni t ies  t o  pa r t i c ipa t e  i n  and observe management decisions and 
more assignments t h a t  w i l l  challenge decision-making a b i l i t y .  

A second topic  i n  which the study ind ica tes  t r a in ing  i s  needed i n  
planning. 
"planning and scheduling the work load" and the  perceived need of a 
course i n  "Planning and Goal-Setting" by 41 percent of t he  questionnaire 
respondents a r e  evidence t h a t  high p r i o r i t y  should be given t o  courses 
teaching planning theory and methods and tha t  more emphasis should be 
placed on working with a plan or  schedule, toward known object ives ,  while 
on the  job. 

F e l t  def ic ienc ies  in  "planning and e s t ab l i sh ing  goals" and 

The def ic ienc ies  perceived i n  "motivating subordinates", "working 
with higher management", and "understanding and deal ing w i t h  personal and 
interpersonal  problems of subordinates" and r e s u l t s  f o r  courses i n  moti- 
vation, human re l a t ions ,  and "Human Behavioi- in Grganizatiom" i9dicat.e 
a need fo r  including more of a content of these spec i f i c  courses and the  
behavioral  sciences i n  general i n  management t r a i n i n g  for engineers.  
Closely r e l a t ed  t o  these subjects  i s  t h e  deficiency perceived i n  " a b i l i t y  
t o  e s t ab l i sh  e f fec t ive  organizational s t ruc tu re  for subordinates" and 
the f e l t  need f o r  a course i n  "Principles  of Organization". 

A f i n a l  a r ea  which deserves strong emphasis i s  t h a t  of communica- 
t i o n s .  Results of t h i s  study were consis tent  with previous s tud ies  i n  
showing t h a t  engineers f e e l  t h a t  they a re  weak i n  speaking t o  groups. 
Although the questionnaire evaluations indicated somewhat l e s s  def ic iency 
i n  t h i s  than  the  subjects  mentioned above, a course in "making o r a l  pres-  
entat ions"  w a s  requested by 49 percent of these engineers.  
reading improvement and writ ten communications were perceived as needed 
by 39 percent and 34 percent of the  respondents. 
courses and the indicat ions tha t  def ic ienc ies  i n  these subjec ts  a r e  con- 
s iderable  (though not the l a r g e s t ) ,  j u s t i f y  making communications s k i l l s  
a s igni f icant  p a r t  of a management development program f o r  engineers.  

Courses i n  

The popular i ty  of these  

The evidence of t h i s  study shows t h a t ,  fo r  most management pos i t i ons  
a t  the  Manned Spacecraft Center, outstanding technica l  a b i l i t y  i s  not 
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required t o  perform well as a manager. This  i s  not t o  say tha t  some time 
w i l l  not be required f o r  some managers t o  remain technological ly  current .  
But f o r  most managers, management t r a i n i n g  should have p r i o r i t y  over tech- 
n i ca l  t ra in ing ,  and managerial a b i l i t i e s  should be considered more impor- 
tant  than technical  a b i l i t y  i n  se lec t ing  managers. 

Results of t h i s  research p ro jec t  i nd ica t e  t h a t  t he re  i s  a general  
need f o r  an increased emphasis on both formal educational programs and 
informal on-the-job development of managerial a b i l i t y  i n  engineers. 
a reas  of primary emphasis i n  such programs, as indica ted  i n  t h i s  study, 
have been summarized above. 
courses not discussed here a re  ava i lab le  i n  Appendix A and should be con- 
s idered i n  designing a management t r a i n i n g  program. 

The 

Questionnaire r e s u l t s  f o r  a number of other  
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CHAPTER V I  

RECOMMENDATIONS 

The results of t h i s  research p ro jec t  have been discusses and sum- 
marized, and some conclusions have been drawn. 
t o  s t a t e  these r e s u l t s  i n  t h e  form of recommendations t o  the  organization 
studied. 
t h e  following questions: Who should be included i n  management develop- 
ment and how shuuld they be selected? What methods should be used t o  
develop these people i n t o  managers? I n  what spec i f i c  areas  i s  t r a i n i n g  
needed, and what guidel ines  should be used i n  designing a program t o  
meet these needs? What fur ther  evaluat ion or feedback i s  needed t o  en- 
sure  t h a t  management development will best accomplish i t s  purpose? 

It now becomes necessary 

These recommendations a r e  based on what has been learned about 

The recommendations of t h i s  study a r e  summarized below under four  
headings corresponding t o  these four  broad questions. 

Select ion of Po ten t i a l  Managers 

An attempt should be made t o  i d e n t i f y  ear ly  i n  t h e i r  careers  those 
engineers who are motivated toward management work, and t h e i r  po ten t i a l  
as managers should be evaluated with primary emphasis on t h e i r  qua l i f i -  
cat ions as managers r a the r  than t h e i r  t echnica l  performance. (This i s  
not t o  say that  technica l  qua l i f ica t ions  may not be important but  t h a t  
they should not be the  primary consideration.)  For engineers who meet 
these  qua l i f ica t ions ,  management development should begin before a super- 
visory pos i t ion  i s  reached. Also, courses i n  communications s k i l l s ,  
human re l a t ions ,  and some bas i c  exposure t o  the  r o l e  of management should 
be avai lable  t o  all engineers. 
cussed below, should be used both f o r  development purposes and t o  assist 
t h e  supervisor i n  evaluating h i s  subordinates '  po ten t i a l  as managers and 
se l ec t ing  individuals  t o  pa r t i c ipa t e  i n  formal management development 
programs. 

On-the-job development, which w i l l  be d i s -  

Scope of Management Development 

More emphasis should be placed on conscious development of t he  engi- 
neer by h i s  supervisor while on t he  job. Signif icant  improvements could 
be made by offer ing the  engineer more exposure t o  managerial problems and 
more challenging assignments while he i s  engaged i n  productive work. This  
method of development can be applied even when work loads prevent taking 
time away from the job fo r  formal education programs. 
couraged by l e t t i n g  managers know they w i l l  be evaluated i n  terms of t h e i r  
a b i l i t y  t o  develop replacements. 

This should be en- 
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In  formal management t ra in ing ,  a more comprehensive e f f o r t  should 
be made t o  ensure t h a t  individuals  receive t h e  t r a i n i n g  t h a t  i s  needed. 
On t h e  basis of a preliminary evaluation of the engineer 's  s t r e w t h s  and 
weakness, a curriculum should be out l ined f o r  each individual .  Also, an 
e f f o r t  should be made t o  ensure t h a t ,  through these individual  plans,  t h e  
manpower needs of var ious organizat ional  components w i l l  be met. 

Structure  and Content of Management Education 

When budgetary r e s t r i c t i o n s  a re  encountered, decis ions about p r i o r i -  
t i e s  f o r  t h e  content of formal management t r a i n i n g  should be based on t h e  
r e s u l t s  of t h i s  study. These p r i o r i t i e s ,  summasized i n  the  previous chap- 
t e r ,  should be the  best basis present ly  available f o r  determining the  con- 
t e n t  of management education. It i s  a l s o  recommended that e f fo r t  be made 
t o  make the  mater ia l  presented i n  these courses more appl icable  t o  the  
a c t i v i t i e s  a d  personnel of the  Manned Spacecraft  Center. A f i n a l  recom- 
mendation i s  that considerat ion be given t o  using a d i f f e r e n t  format than 
the  one or two week, 8 hour day courses present ly  used. If l o c a l  in- 
s t r u c t o r s  could be used or other economic considerat ions permitted, mate- 
rial could be d i s t r i b u t e d  over a longer per iod of time. This would allow 
the individual  t o  keep up w i t h  the  work load  while pa r t i c ipa t ing ,  thus 
allowing the  involvement i n  management t r a i n i n g  of many engineers who now 
cannot f i n d  t i m e  t o  pa r t i c ipa t e .  It w o u l d  a l s o  permit t he  assignment of 
more "homework" or  outs ide reading and allow the pa r t i c ipan t  more time t o  
evaluate and r e f l e c t  upon the ,ma te r i a l  presented than i s  possible  wi th  a 
format which masses 40 hours of in s t ruc t ion  i n t o  one week. 

Feedback and Future Studies  

It i s  recommended tha t  more e f f ec t ive  feedback procedure be used t o  
assist i n  evaluating management t ra in ing .  
spec i f i c  as possible,  allowing decisions t o  be made about p a r t i c u l a r  com- 
ponents of courses taught or spec i f i c  aspects  of the  method i n  which they 
are  presented, 

The method used should be as 

It i s  a l so  f e l t  that  there  i s  a need f o r  f u r t h e r  research i n t o  the  
general  questions at tacked by t h i s  study. A follow-up study using metho- 
dology similar t o  t h a t  of t h i s  study could be of value i n  determining 
whether engineers' Terceptions of t h e i r  managerial a b i l i t y  or  t h e i r  eval- 
uations of t h e i r  managers' a b i l i t i e s  have changed a f t e r  receiving t r a in -  
ing i n  t h e  areas i n  which they now f e e l  d e f i c i e n t .  Future s tud ie s  should 
s t r i v e  f o r  ob jec t iv i ty ,  possibly using the  t e s t i n g  method discussed i n  
Chapter 111. 
f o r  fu tu re  s tud ie s  t o  be made i n  t h i s  f i e l d .  

It i s  hoped tha t  t h i s  study w i l l  contr ibute  as  background 
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INTRODUCTION AND GENERAL INSTRUCTIONS 

... 

This quest ionnaire  is  par t  of a study of the  management t r a i n i n g  
and development needs of engineers. 
information requested by t h i s  questionnaire w i l l  be used t o  help i n  se- 
l e c t i n g  and s t ruc tu r ing  t ra in ing  courses t o  be offered, and i n  designing 
programs for developing and improving management ab i l i t y  i n  technica l  
personnel. 

The r e s u l t s  of t h i s  study and t h e  

I n  addi t ion  t o  a s s i s t i ng  i n  developing programs t h a t  may a id  i n  
your career  development, i t  is f e l t  t ha t  t he  questionnaire may be in t e r -  
e s t ing  t o  you i n  t ha t  it w i l l  s t imulate  thinking about your own career 
plans and goals.  
t o  the questions and answer each question as honestly and accurately as 
poss ib le .  Under no conditions w i l l  individual  responses be made avai l -  
able t o  anyone but  t he  researcher, who w i l l  be leaving MSC t o  complete 
requirements f o r  a graduate degree upon completion of the  study. 

For these  reasons you are  asked t o  give ca re fu l  thought 

This  questionnaire i s  designed for both supervisory and non-super- 
visory technica l  people, and all questions a re  applicable regardless  of 
your present pos i t ion  i n  t h e  organization o r  your a t t i t u d e  toward a man- 
agement career .  Your responses a re  of i n t e r e s t  and w i l l  be of help even 
i f  you personal ly  have l i t t l e  i n t e r e s t  i n  a management career ,  

I n  completing the  questionnaire, you should think of t h e  words 
"manager" and "management" as  re f  e r r ing  t o  technica l  management and in- 
cluding a l l  l e v e l s  of management, from f i rs t  l i n e  supervisor through 
top management. The questionnaire i s  concerned w i t h  management i n  gen- 
e r a l ,  but your answers w i l l  necessar i ly  be based on the type of manage- 
ment and l eve l s  of management w i t h  which you a re  familiar. 

Please f i l l  out t h e  questionnaire completely and please be as ob- 
j ec t ive  as possible .  
g rea t ly  appr e c i  at e d . Return t o  code BP3 by March 29. Your help i s  
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Your present m a i l  

I. BACKGROUND INFORMATION 

ng code i f  d i f f e ren t  from ab ve 

Number of years you have been a Civ i l  Service employee 

Grade l e v e l  at  which you entered t h e  C i v i l  Service: 

How long have you been a t  MSC? 4.0 years  (6.2/4.8/4.9/3.7/1.2)* 

GS- 

Present grade leve l :  GS-12.3 - 
Your age 33 2 (40.3/35.0/39.0/29 5/25.3) 

Education: (a)  Highest l e v e l  of education completed BS-163; MS--24; 

(b)  L i s t  college degrees received: 
Degree Major F ie ld  Year Received 

PhD--4 

Bachelor Degree Engineering - 142 
Physics or Math - 44 
Chemistry - 5 

Experience: 
type of work. 

Brei f ly  summarize your work experience with respec t  t o  

( ) Primarily Engineering 

( ) Other (specify)  

Present job: 
job. 

S ta te  b r i e f l y  the  type of work you do i n  your present  

Supervisory experience: 

( a )  

(b )  

( c )  

Number of years as a supervisor o r  manager at MSC 

Total  number of years  as  a supervisor o r  manager 
( I f  d i f fe ren t  from above) 

Brief ly  describe any experience you have had supervising or man- 
aging other than at MSC: 

*Figures i n  parentheses a re  subto ta l s  f o r  groups 1 - 5. 
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U. Present  supervisory r e spons ib i l i t y :  

(a) Indica te  the  l e v e l  of superv is i s ion  t h a t  bes t  descr ibes  your 
present  job: 

( 4) Division Chief 
4 

( 20) Branch Chief 

( 39) Section Head 

( ) N o  supervisory or  management r e spons ib i l i t y  
(128) 

( ) Other (descr ibe) :  

- (b) Total number of employees you a re  responsible f o r  (approx.) 

( c )  Number of employees repor t ing  d i r e c t l y  t o  you 



11. Below i s  a l i s t  of areas  of a b i l i t y  t ha t  are normally associated 
wi th  management a c t i v i t y .  You a re  asked t o  ind ica t e  your assess- 
ment of the importance of each i t e m  as a qua l i f i ca t ion  f o r  being a 
good manager at MSC. You should give your opinion of what i s  re-  
quired t o  be an ef fec t ive  manager, basing your answer on e i t h e r  your 
experience as a manager, your observation of management, o r  both. 

Ind ica t e  your opinion of t he  importance of each item by c i r c l i n g  any 
number between 1 and 10 f o r  each item, a response of 10 indica t ing  
m a x i m  importance. The meanings designated below f o r  1, 5, and 10 

-- 
. .  

are t o  serve as guidel ines .  
feel tha t  important a b i l i t i e s  have not been l i s t e d .  

You m a y  add items t o  the  l i s t  i f  you 

10 = extremely important; a necessary qua l i f i ca t ion  f o r  
e f f ec t ive  management 

5 = of average importance 

1 = of r e l a t i v e l y  l i t t l e  value or  importance 

1. Above-average technica l  knowledge 7 

2. Knowledge of MSC organization and a b i l i t y  t o  work w i t h  
o ther  p a r t s  of t h e  organization 7.9 

3 .  Good wri t ten communications 7.9 

4. A b i l i t y  t o  give good o r a l  presentat ions 7.6 

5. Abi l i ty  t o  read rap id ly  w i t h  good comprehension 7.0 

6. Abi l i ty  t o  conduct meetings and conferences 7.8 

7. Abi l i ty  t o  make cor rec t  and t imely decis ions 9.2 

8 .  Abil i ty  t o  plan and e s t ab l i sh  goals f o r  organizat ional  
u n i t  8.6 

9 .  Abi l i ty  t o  e s t ab l i sh  e f f ec t ive  organizat ional  s t ruc tu re  
f o r  subordinates 8.0 

10. Abil i ty  t o  plan and schedule work 8.0 

11. Abil i ty  t o  motivate subordinates toward goals 8.4 

12. Abil i ty  t o  understand and deal  w i t h  both individual  
and interpersonal problems of subordinates 7.6 
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13. A b i l i t y  t o  coordinate and control  subordinates '  work 7.6 

14. Ab i l i t y  t o  aid subordinates' self-development 7.0 

15.  Abi l i t y  t o  be e f fec t ive  i n  t a lk ing  t o  and working 
with higher management 8.8 

outs ide contractors  7.8 
16. A b i l i t y  t o  be e f fec t ive  i n  t a lk ing  t o  and working wi th  

17. Favorable personal traits:  self-confidence, motiva- 
t i o n  t o  achieve, enthusiasm, dependabili ty,  
i n i t i a t i v e  8.8 

18. Other (wri te  i n )  
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111. In t h i s  sect ion you a r e  asked t o  make a self-examination of your 
management knowledge o r  capab i l i t i e s .  For t he  same l is t  of abi l i -  
t i e s  used i n  t h e  previous sect ion,  you are asked t o  ind ica te  what 
you think i s  your prof ic iency i n  t h i s  area.  For some of t h e  items, 
you may not have had much experience i n  using t h i s  a b i l i t y ;  if t h i s  
is the  case, base your answer on the  knowledge you have i n  t h i s  
area, and how w e l l  you th ink  you could perform. A s  before, you may 
mark any number from 1 t o  10. The meanings given f o r  1, 5, and 10 
should serve as guidel ines .  

1. 

2. 

3 .  

4. 

5 .  

6. 

7. 

8. 

9 .  

10. 

ll. 

12. 

13.  

14. 

10 = extensive knowledge and a b i l i t y  

5 = average prof ic iency 

1 = r e l a t i v e l y  l i t t l e  a b i l i t y  or  knowledge 

Above-average technica l  knowledge 

Knowledge of MSC organization and a b i l i t y  t o  work with 
other p a r t s  of t he  organization 

Good wr i t ten  communications 

A b i l i t y  t o  give good o r a l  presentat ions 

Abi l i ty  t o  read rap id ly  w i t h  good comprehension 

Abil i ty  t o  conduct meetings and conferences 

Abi l i ty  t o  make cor rec t  and t imely decisions 

Abil i ty  t o  plan and e s t ab l i sh  goals f o r  organiza- 
t iona l  u n i t  

Ab i l i t y  t o  e s t ab l i sh  e f f ec t ive  organizat ional  
s t ructure  f o r  subordinates 

Abil i ty  t o  p l a n  and schedule work load 

Abil i ty  t o  motivate subordinates toward goals  

Abi l i t y  t o  understand and deal  wi th  both ind iv idua l  
and interpersonal  problems of subordinates 

Abil i ty  t o  coordinate and control  subordinates ' work 

A b i l i t y  t o  aid subordinates '  self-development 

7.1 

6.7 

7.3 

6.5 

6 .3  

6.4 

7 03 

6.8 

6.8 

7.0 

6.9 

6.8 

6.9 

6.7 
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15. A b i l i t y  t o  be e f fec t ive  i n  t a lk ing  t o  and working w i t h  
higher management 6.9 

16. A b i l i t y  t o  be e f fec t ive  i n  t a lk ing  t o  and working with 
outs ide contractors  7.3 

17.' Favorable personal. traits: self-confidence, motivation 
t o  achieve, enthusiasm, dependabili ty,  i n i t i a t i v e  7.6 

18. Other (wri te  i n )  



IV. Consider now your experience with and knowledge of supervisors and 
managers y m  have worked f o r  or  worked with at  MSC ( those of which 
you have d i r ec t  knowledge). 
of t h e  extent t o  which these managers i n  general  posses t h e  a b i l i t i e s  
l i s t e d .  

You are asked t o  ind ica t e  your opinion 

1. 

2. 

3 .  

4. 

5 .  

6 .  

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14.  

1 5  

10 = extensive knowledge and a b i l i t y  

5 = average prof ic iency 

1 = r e l a t i v e l y  l i t t l e  a b i l i t y  or knowledge 

Above-average technical  knowledge 

Knowledge of MSC organization and a b i l i t y  t o  work with 
other  p a r t s  of the  organization 

Good wri t ten comunications 

Abi l i ty  t o  give good o r a l  presentat ions 

Abi l i ty  t o  read rap id ly  w i t h  good comprehension 

A b i l i t y  t o  conduct meetings and conferences 

Ab i l i t y  t o  make cor rec t  and t imely decis ions 

A b i l i t y  t o  plan and e s t ab l i sh  goals f o r  organizat ional  
u n i t  

Abi l i ty  t o  e s t ab l i sh  e f f ec t ive  organizat ional  s t ruc tu re  
f o r  subordinates 

A b i l i t y  t o  plan and schedule work load  

A b i l i t y  t o  motivate subordinates toward goals  

A b i l i t y  t o  understand and deal  w i t h  both individual  
and interpersonal problems of subordinates 

A b i l i t y  t o  coordinate and control subordinates '  work 

Abi l i ty  t o  a i d  subordinates ' self-development 

A b i l i t y  t o  be e f fec t ive  i n  t a lk ing  t o  and working with 
higher management 

7.0 

7.2 

6.9 

7.0 

6.7 

6.5 

5.8 

5.6 

5 09 

5.4 

5.4 

5.9 

5.4 

7.2 
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16. Abi l i t y  t o  be e f fec t ive  i n  t a l k i n g  t o  and working wi th  
outs ide cont rac tors  7.2 

17. Favorable personal traits:  self-ccnfidence,  motivation 
t o  achieve, enthusiasm, dependabili ty,  i n i t i a t i v e  7.2 

18. Other (wr i te  i n )  
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V. This sect ion contains questions r e l a t i n g  t o  your a t t i t u d e s  toward 
management work and your career  plans with respect  t o  management. 

1. 

2. 

3. 

4. 

5. 

What was your a t t i t u d e  toward a management career  when you f i rs t  
came t o  MSC? 
your fee l ings  were. ) 

(Se lec t  t h e  response tha t  bes t  represents  what 

I w a s  primarily in t e re s t ed  i n  an engineering career ,  
and hadn't r e a l l y  given management much thought. 

(3/6/4/18/7) 

I had some des i r e  t o  eventual ly  end up i n  a manage- 
ment job. ( 10/15/14/22/10) 

I was p r e t t y  sure that  I wanted t o  s t ay  i n  engin- 
eer ing  and did not want t o  ge t  i n t o  a supervisory 
pos i t i on  unless  I had t o  i n  order t o  continue t o  
advance myself. (0/1/10/10/2 1 
My primary goal was t o  get  i n t o  management; t h e  
shor te r  time I was t o  spend i n  pure engineering 
work, t h e  b e t t e r .  (11/13/10/8/7) 

Other (wr i te  i n )  

What i s  your present  a t t i t u d e  toward supervisory work and a man- 
agement career?  
fee l ings  toward management work. ) 

(Br i e f ly  summarize your present  career  plans and 

If your a t t i t u d e  toward a management career has changed s i g n i f i -  
can t ly  since you came t o  MSC, at  what point  i n  time and w h y  did 
t h i s  change occur? 

If you were given a choice between a job cons is t ing  pr imar i ly  of 
non-supervisory engineering r e s p o n s i b i l i t i e s  and another job t h a t  
involved supervising engineers, which job ( i n  general)  would you 
prefer?  

(2%) (38) The engineering job ( 0/2/9/14/=) 

(8%) (153) The technica l  management job (24/37/31/35/26) 
(% = 100/95/78/72/68) 

You have indicated above a preference f o r  e i t h e r  non-supervisory 
engineering or management of t echnica l  people. 
low, you are  asked t o  check a l l  f ac to r s  t h a t  a r e  s i g n i f i c a n t  
reasons for your preference.  

I n  t h e  l i s t  be- 



- .  

(153) ( 3 8 )  
Tech M Engr. 

85% 

75% 

2% 

6% 

3% 

4% 

2 5% 

8% 

1% 

5 7% 

3% 

3% 

1% 

1% 

84% 

6% 

15% 

34% 

3% 

24% 

13% 

4 5% 

2 6% 

5 0% 
76% 

8% 
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6. Which of t h e  above f ac to r s  was (or would be) t h e  most important 
consider at ion? 

(153) (34) 

1. 2% % 
2. 2% 3 4% 
3. 1% 0% 
4. 12% 0% 
5. 1% 0% 
6. 12% 1% 
7. 1% 3% 
8. 2 5% 3% 
9. 1% 5% 

Management Engineering 

( ) 1. Salary and procotion oppor tuni t ies  

( ) 2. My own personal i ty  and c a p a b i l i t i e s  

( ) 3. My educational background 

( ) 4. The addi t iona l  r e s p o n s i b i l i t i e s  of manage- 
ment . 

( ) 5. The exactness and t echn ica l  d e t a i l s  of 
engineering work 

( ) 6. Opportunities for growth and recogni t ion 
within my profession 

( ) 7. The people I would be working w i t h  

( ) 8. Being able t o  take p a r t  i n  planning and 
major decisionr, 

( ) 9. The status of my t echnica l  s k i l l s  and 
knowledge 

( ) 10. The general  nature of management work 

( ) 11. The general  nature  of engineering work 

( ) 12. The crea t ive  aspects  of engineering work 

( ) 13. Other (specify)  
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Management Engineering 
10. 11% 5% 
u. 0% 5% 
12. 1% '29% 
13. 6% 5% 

7 .  If you were given the same choice between a non-supervisory engi- 
neering job and another job supervising or managing technical 
work, and if salary, promotion opportunities, and working condi- 
tions were equal for both, which would you choose? 

(32$)( 61) The engineering job ( 0/7/18/20/16 

( 68%) (130) The technical management j ob (24/32/22/29/22 1 
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c 

c -  

V I .  Questions i n  t h i s  sec t ion  are  designed f o r  you t o  express your at- 
t i tudes about management t r a in ing  i n  general  and your f ee l ings  about 
present  programs. 

1. I f e e l  tha t  Management a b i l i t y  is....a matter of inherent per- 
sona l i t y  traits  t h a t  t r a in ing  can do r e l a t i v e l y  l i t t l e  t o  i m -  
prove. (Choose one) 

(26$)(  50) 

(55%) (103) p a r t i a l l y  

(IS%)( 28) very l i t t l e  

t o  a la rge  extent  

2. I feel  improvement i n  management a b i l i t y  is . . . . the  r e s u l t  of ex- 
perience i n  handling ac tua l  management problems. (Choose one) 

( 27) mostly (4/6/6/4/7) 

(UO) t o  a large ex ten t  (12/18/24/33/23) 

3. I n  improving management a b i l i t y ,  I f e e l  t h a t  management education 
and t ra in ing . .  . .(check t h e  response tha t  best  represents  your 
opinion) 

( 77) i s  necessary and can be of great  (9/18/15/20/15) 
value 

( 79) can do much t o  improve def ic iencies  (9/13/17/21/19) 

( 25) can be of some value (2/8/6/ 5/4 1 
( 6) i s  of l i t t l e  value compared t o  inher- (3/0/2/i/O) 

ent  a b i l i t i e s  and ac tua l  experience 

( 4) other (specify) 

4. On the  basis of your present career  plans and expectations, and 
assuming tha t  you would l i k e  t o  devote some time t o  continuing - 

your education, indicate approximately the  percentage of t h i s  
time you would l i k e  t o  spend on management t r a in ing ,  assuming 
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t h a t  the remainder would be devoted t o  f 'urthering your technica l  
education. 

52.4 Average 
100 90 80 70 60 50 40 30 20 10 

5 .  (a) Below i s  a l i s t  of management t r a i n i n g  and r e l a t ed  courses 
t h a t  a re  offered a t  MSC. I n  column ( A ) ,  you a re  t o  check 
the courses you have taken. You a r e  a l so  asked t o  use t h e  
blank spaces f o r  any other  management t r a i n i n g  o r  r e l a t e d  
courses you have taken s ince coming t o  MSC. 

For each course you have taken, i nd ica t e  i n  column (B) 
whether t he  course was taken-- 

1 - at your own i n i t i a t i v e  
2 - at your supervisor 's  suggestion 
3 - a combination of these  two 

(b )  

( c )  For each course you have taken, i nd ica t e  i n  column ( C )  
whether the  course was taken-- 

1 - t o  f u l f i l l  a d e f i n i t e  need on the  job you had at the  

2 - t o  develop a b i l i t i e s  pr imar i ly  f o r  fu tu re  use 
time 

(d)  For each course you have taken, i nd ica t e  i n  column (D)  your 
evaluation of the  course, using t h e  following symbols-- 
4 - Effective i n  accomplishing purpose; met with my ex- 

pectat ions 
3 - I f e l t  t h a t  I derived some bene f i t  from taking t h e  

course, but t he  r e s u l t s  were below my expectations 
2 - The course was in t e re s t ing ,  but d idn ' t  contain much 

mater ia l  t h a t  I w i l l  be ab le  t o  apply t o  my job 
1 - I don' t  see how what I learned can be of very much 

use t o  me. 

(A) z ( B )  ( c )  (D) 
Basic Managemerit Techniques I 
Basic Management Techniques I1 
Communicating and Counseling 
Management and Group Performance 
Management Seminar for Executives 
Management Seminar f o r  Supervisory 

Sc ien t i s t s  and Engineers 
Middle Management I n s t i t u t e  
Problem Analysis and Decision-Making 

Seminar for Executives 
Supervision and Group Performance 
Clear Writing I 
Clear Writing I1 
Conference Leadership 



. 

Making Effect ive Oral Presentat ions 
Reading Improvement 
Written Communications f o r  Executives 

15, 25. 24. 31 4 xy B~ xy 49; 3 Indica t ing  have taken courses: 

99 of lgl = 52% have taken courses 

6 .  Please use t h e  space below t o  l i s t  any suggestions you have wi th  
respec t  t o  management education or  t r a i n i n g  and development pro- 
grams used or t o  be used for  engineers and s c i e n t i s t s  at MSC. 
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VII. Below i s  a l i s t  of subjects .  On t h e  b a s i s  of your present  career  
plans and expectations,  ind ica te  the  subjec ts  i n  which you f e e l  
t h a t  you have a need for  fu r the r  t r a in ing .  
subjec ts  as you wish, but  you a re  asked t o  r e s t r i c t  t he  number of 
responses t o  courses which you f e e l  could be of value t o  you i n  
your work and i n  which you have a d e f i n i t e  need f o r  fb r the r  t r a in -  
ing. 

You m a y  choose as many - 
36% - 2 
39% - 3 

4 
34% - 5 
27% - 6 
34% - 7 
26$0 - 8 

9 
10 
11 
12 
13 
1 4  

Public Speaking (making e f f ec t ive  o r a l  presentat ions)(g3)  
Written Communication (68) 
Reading Improvement (75) 
Federal  Personnel Administration (22) 
Individual  and Group Motivation (65) 
Human Relations (52) 
Pr inc ip les  of Organization (64) 
Human Behavior i n  Organizations (50) 
Psychology ( 37) 
Sociology (10) 
Budget Preparation and Analysis (31) 
Operations Research Techniques (36) 
Economics (general  theory and p r i n c i p l e s )  (19) 
Engineering Economy (economic evaluat ion of engineered 

Creative Thinking (60) 
Problem Solving and Decision-Making (103) 
Planning and Goal Se t t ing  (79) 
Data Processing (27) 
Computer Applications (57) 
Communication: techniques i n  counseling, interviewing, 

Pr inc ip les  of Leadership (69) 
Elements of Supervision (74) 
Orientat ion i n  Government Operations (15) 
Management of Research and Development (68) 
Orientat ion i n  NASA and MSC Goals, Functions, Organiza- 

Law Prac t ices  (Patents ,  Contracts) (23) 
P o l i t i c a l  Science (7 )  
History (3)  
Office Management (17) 
Cost Accounting (9)  
Financial  Management (21)  
Probabi l i ty  and S t a t i s t i c s  (39) 
English Composition (grammar, punctuation, spe l l i ng )  (15) 
Conference Leadership (49) 
Specif ic  engineering s p e c i a l t i e s  (wr i te  i n )  (49) 

systems) (42) 

and r e c r u i t i n g  (36) 

t i ons  (40) 



36 ( ) basic sciences (wr i t e  i n )  (4  5 )  

37 ( ) engineering methods (wr i te  i n )  (13) 

38 ( ) miscellaneous sk i l l s  (wr i te  i n )  (8) 
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TABU B-1V.- PERCENTAGE OF SUB-GROUPS SELECTING SlmTEJTS 

Course 

1. 

2. 

3. 
4. 

5. 
6. 

7. 
i: . 
9. 
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.1. 
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1.8. 

9. 
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' 3 .  
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>I. 
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i3. 
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5s. 
36. 
37. 
58. - 

Public Speaking 

Written Communication 

Reading Improvement 

Federal  Personnel Administration 

Individual  and Group Motivation 

Human Relations 

Pr inc ip les  of Organization 

Human Behavior i n  Organizations 

Psychology 

Sociology 
Budget Preparation and Analysis 

Operations Research Techniques 

Economi c s 

Engineering Economy 

Creat ive Thinking 

Problem Solving and Decision-Making 

Plmning  and Goal S e t t i n g  

b i t 1  Wocessing 

Computer Applications 

Techniques i n  Counseling, Interviewing, 

Pr inciples  of Leadership 

Elements o f  Supervision 

Orientation i n  Government Operations 

Management of Research and Development 

Orientation i n  NASA and MSC Goalz, 

Law Practices (Pa ten ts ,  Contracts)  

P o l i t i c a l  Science 

History 

Off ice  Management , 

Cost Accounting 

Financial  Management 

Probab i i i t y  and S t a t  i s  t i c r 

English Composition 

Conference Leadership 

Engineering S p e c i a i t i e s  ( w r i t r  i n )  

Basic Sciences (wr i t r  i n )  

Engineering Mr-thous (wr i te  i n )  

Miscellaneous S k i l l s  (wr i te  i n )  

Recruiting 
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